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Bridging the Gap Between Economic Theory and 
Fisheries Management: The 10-Year MFCMA Experience 


SUSAN M. CAPALBO and MORTON M. MILLER, Editors 


Preface 


This Special Section of the Marine 
Fisheries Review contains the edited pro- 
ceedings of a symposium held 18 Sep- 
tember 1986 at the annual meetings of the 
American Fisheries Society, in Provi- 
dence, R.I. The symposium was spon- 
sored by the National Marine Fisheries 
Service (NMFS) of the National Oceanic 
and Atmospheric Administration 
(NOAA). The aims were twofold: To 
provide a partial economic assessment of 
the effectiveness of the Magnuson Fish- 
ery Conservation and Management Act 
(MFCMA), enacted in 1976, and to high- 
light economic issues related to imple- 
mentation of the Act.! 

The MFCMA extended U.S. jurisdic- 
tion over marine fisheries out to 200 
miles and gave the domestic industry 
preferential access to stocks of fish tradi- 
tionally shared with foreign fishermen. 
Since the Act’s implementation in early 
1977, U.S. activity in the 200-mile 
“Exclusive Economic Zone” (EEZ) has 
accelerated, while direct foreign fishing 
has declined. Foreign fishing interests, 
however, have maintained a presence in 
the EEZ through joint ventures (JV’s) 
with U.S. operators. Under the JV’s, 
U.S. fishermen contract to off-load their 


'Proceedings were dedicated to Frederick J. 
Prochaska, distinguished scholar and author of 
many works in food and resource economics and 
related fields. Dr. Prochaska was known espe- 
cially for his contributions to knowledge and un- 
derstanding of the complexities of fisheries man- 
agement. His untimely death, prior to the 
meetings, has left a void in the fisheries and 
academic communities 
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catches at sea onto foreign processing 
vessels. From modest beginnings in 
1979-80, JV catches grew to nearly | 
million metric tons (t) in 1985, which 
amounted to approximately one-fourth of 
total U.S. catches in the EEZ. More re- 
cently, new U.S. factory ships have been 
placed in service on both coasts and this 
can lead to a further reduction in foreign 
fishing operations in the EEZ. 

Ten years is not an overly long period 
upon which to base rigorous empirical 
assessments of the MFCMA. The reduc- 
tion in foreign fishing and other trends 
(e.g. increases in U.S. catches and in the 
number of U.S. vessels) indicate that this 
legislation may be having a lasting im- 
pact on resource stocks and the economic 
viability of the U.S. fishing industry. 
However, analysis of the trends and as- 
sessments of the Act’s effectiveness have 
been limited by a lack of monitoring pro- 
cedures and incomplete data. These diffi- 
culties are compounded by the stochastic 
nature of the processes that need to be 
modeled, and by the more conventional 
measurement and aggregation problems 
that hinder policy analysis. The follow- 
ing papers and accompanying comments 
recognize (and to some degree reflect) 
these analytical hazards. Nonetheless, 
we, the editors, believe the papers and 
comments are an insightful contribution 
‘o the literature on fisheries management, 
and a useful starting point for more ad- 
vanced evaluations of the effectiveness 
of MFCMA. 

In the first paper, Jon Conrad observes 
that there were significant increases in 
landings and net revenues in the 7-year 


period following enactment of the 
MFCMA (1977-83). However, net rev- 
enues have begun to decline, and “. . .the 
industry and resources on which it is 
based appear headed toward a second 
(but now purely domestic) equilibrium.” 
Under these conditions, “. . .revenues 
equal cost and the imputed value of the 
resource is driven to zero (rent dissipa- 
tion).” Conrad is wary of current man- 
agement policies which he believes are 
“ineffective in limiting catch to a target 
yield and controlling the entry of vessels 
or the level of fishing effort.” New poli- 
cies are required with “. . .the potential to 
encourage efficient (least cost) harvests 
and maintain stocks of fish and shellfish 
at levels producing net benefits to the in- 
dustry at large.” The paper goes on to 
discuss the merits of introducing 
incentive-based policies such as transfer- 
able quotas or landings taxes. 

The search for a better approach to 
fishery management, however, can be 
difficult. The discussant for Conrad’s 
paper, Ivar Strand, calls attention to 
some of the weakness in the NMFS data 
bases for testing alternative hypotheses 
concerning the net benefits of the 
MFCMA. He also cautions against draw- 
ing conclusions based on weak lines of 
causality. Simple “before-after” com- 
parisons should be avoided. Measures of 
the difference between the value and the 
distribution of the gains or losses that 
would have occurred with the policy and 
without the policy are required to make 
more useful policy evaluations. Com- 
parisons need to be adjusted for factors 
other than the exogenous policy which 





may have affected observed gains and 
losses in the period since the MFCMA 
was enacted. 

The second paper in the series, written 
by Lee Anderson, inquires whether the 
Act is adequately structured to assure 
“good” fishery management in terms of 
how well the process applies what Ander- 
son calls “lessons to be learned from eco- 
nomic theory.” Anderson acknowledges 
that criteria for good management cover 
broad areas in the physical and social sci- 
ences. Good management may represent 
a blend of approaches upon which all can 
agree, with emphasis on implementation, 
or “getting something into place.” Bridg- 
ing “the gap between economic theory 
and practical fisheries management” 
could produce better management deci- 
sions, but this is not likely to occur unless 
managers are convinced that rational 
economics is essential to the decision- 
making process. 

Fishery management plans and regula- 
tions reflect the interplay of various 

- forces that often are in conflict. Resource 
users (the fishermen) continually interact 
with resource managers, and the behav- 
ior of both is constrained by the biology 
of the fish stocks. This system, according 
to Anderson, is further constrained by an 
institutional framework within which 
users and regulators operate. Anderson’s 
paper discusses how institutional con- 
straints influence fishery managemen‘ 
decisions. He calls his analysis a 
“political bioregunomics approach” 
which expands upon the bioeconomic 
model by adding to it the institutional 
structure which develops fishery man- 
agement and development policy.” 

James Kirkley, in commenting on An- 
derson’s paper, agrees that nonrational 
management is a distinct possibility 
under MFCMA. Kirkley believes the 
fault lies not so much with MFCMA per 
se, but with elements of the infrastructure 
that is responsible for implementing the 
legislation. Neither the Regional Coun- 
cils (which are the primary developers of 
management plans and regulations) nor 
NMFS (which develops the scientific and 
technical information that supports plan 
development and monitors the regulation 
process) appear to place adequate empha- 
sis on the importance of economic analy- 
sis. 

James Easley and Fred Prochaska are 
coauthors of the next paper which ad- 
dresses problems in the allocation of al- 


2 


lowable harvests among user groups. 
They point out that fishery managers are 
reluctant to use available economic 
methodology to help resolve conflicts be- 
tween competing groups. Economists, 
for example, have made considerable 
headway in devising ways to estimate the 
economic value of recreational fishing 
where no direct market transactions for 
the fish occur. This methodology is di- 
rectly applicable to the resolution of con- 
flicts between recreational and commer- 
cial fishermen, but fisheries managers 
remain skeptical. The authors cite rea- 
sons why the managers resist economic 
methodology, among which is poor com- 
munication between economists and 
managers. Ways to improve communica- 
tions are suggested. 

In discussing the Easley and Prochaska 
paper, James Anderson draws upon his 
own experience with recreational- 
commercial conflicts in the salmon fish- 
ery. He underscores the need for more 
rigorous modeling of the objectives and 
behavior of user groups in the regulated 
climate by drawing parallels to the re- 
search conducted by industrial organiza- 
tion economists and game theorists. 

The fourth paper, written by Jon Suti- 
nen, examines the pattern of expendi- 
tures on enforcement of MFCMA regula- 
tions and the efficiency of enforcement 
programs. Enforcement of marine fish- 
eries regulations cost the Federal govern- 
ment more than $130 million annually. 
The paper provides an overview of exist- 
ing enforcement policy and programs and 
describes a framework for benefit-cost 
evaluation. A model is presented for 
measuring the effects of regulatory and 
enforcement policies on compliance and 
benefits. 

Sutinen’s paper also points out that 
shortcomings in existing data constitute a 
major deterrent to more complete 
benefit-cost evaluations of the federal en- 
forcement effort. Adequate data exist 
only for an analysis of expenditures on 
enforcement of foreign fishing regula- 
tions. Foreign vessels are assessed fees 
for the privilege of fishing in the EEZ. 
Sutinen examines the foreign fee struc- 
ture and concludes that the amount col- 
lected from the foreign fishing operators 
does not fully compensate for the amount 
spent on enforcement of foreign fishing 
regulations. Higher fees or a lower level 
of enforcement may be needed to balance 
outlays against income. The accompany- 





ing comments by Louis Goodreau call 
further attention to inadequacies in 
MFCMA enforcement. Goodreau sug- 
gests that an independent enforcement 
entity may be less costly than existing 
arrangements with the U.S. Coast Guard. 

In the last paper in the series, Richard 
Johnston and James Wilson identify and 
discuss the linkages between fisheries 
management, fisheries development, and 
fisheries trade. The paper examines the 
effects of extended fisheries jurisdiction 
on world trade. The authors demonstrate 
that macroeconomic factors such as ex- 
change rates and the overall performance 
of the economy are the predominant fac- 
tors determining patterns of trade. They 
also point out that extended jurisdiction 
may influence trade patterns through its 
impact on the structure of property rights. 
The United States, for example, sanc- 
tions joint ventures and supports a 
“counter trading” strategy (known as 
“fish and chips”) which links harvest al- 
locations to trade concessions. 

In his comments on the Johnston and 
Wilson paper, Douglas Lipton calls at- 
tention to the impact that protectionist 
import policies and export development 
have on domestic fisheries. Given the na- 
ture of the ownership rights and interplay 
of a varied set of government policies, it 
is not clear that the neoclassical relation 
between output prices and quantities sup- 
plied hold; that is, the quantity supplied 
may fall in response to an output price 
rise if the fishery is operating on the 
backward bending portion of the long- 
run supply curve. 

The papers and discussants’ com- 
ments, as a whole, leave a clear impres- 
sion that the authors believe a “gap” does 
indeed exist between economic theory 
and fisheries management, as the title of 
the symposium suggests. Although the 
dimensions of the gap are only partially 
defined, enough is presented to make a 
case for more extensive use of economic 
analysis in the management process, 
prior to decisions and as a monitoring 
device to evaluate the impacts of the de- 
cisions. It is the hope of editors that these 
proceedings will encourage further em- 
pirical analysis of MFCMA, in the inter- 
est of effective fishery management. 


Susan M. Capalbo, Montana State Uni- 
versity, Bozeman, Mont. 

Morton M. Miller, National Marine Fish- 
eries Service, Washington, D.C. 
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The Magnuson Fisheries Conservation and Management Act: 
An Economic Assessment of the First 10 Years 


“,..-introducing extended jurisdiction 
by itself will not immediately restore 
fish stocks off our coasts, nor will it 
necessarily inject new vigor into our 
fishing industry. The ability to re- 
strict foreign vessels from fishing off 
our coasts will be only a stopgap 
measure if management of 
national boats is lacking. Extended 
jurisdiction authority is an important 
first step, but it will be meaningless 
unless proper fishery management is 
instituted...” 


The above opinion was offered by Lee 
Anderson in the editorial introduction to 
the volume “Economic Impacts of Ex- 
tended Fisheries Jurisdiction” (Ander- 
son, 1977:v). 

The objective of this paper is to make 
an assessment of the economic perform- 
ance of the U.S. fishing industry in the 10 
years since the passage of the Magnuson 
Fisheries Conservation and Management 
Act (MFCMA). Has the law increased 
net benefits for the U.S. fishing industry 
above what they would have been? Have 
the stocks of fish and shellfish within the 
fishery conservation zone (FCZ) recov- 
ered from the low levels induced by U.S. 


Jon M. Conrad is Associate Professor of Re- 
source Economics, Department of Agricultural 
Economics, 310 Warren Hall, Cornell Univer- 
sity, Ithaca, NY 14853. 


JON M. CONRAD 


and foreign overfishing? Do the manage- 
ment policies currently employed under 
the MFCMA contribute to effective fu- 
ture management or has “Anderson’s 
Prophecy” come to pass? 

In the first section I briefly review the 
factors which led to the passage of the 
MFCMA and the management institu- 
tions and procedures which were created 
or evolved under that act. In the second 
section, I review the static and dynamic 
theory of open access. This theory pro- 
vides a useful conceptual framework to 
evaluate what has happened and what is 
likely to happen under the MFCMA, as 
currently in force. 

In the third section I assemble data to 
try to determine what has happened to the 
U.S. fishing industry since enactment of 
the MFCMA in 1976. These data suggest 
that 1) the MFCMA resulted in a signifi- 
cant increase in landings and net rev- 
enues for the U.S. fishing industry during 
the seven-year period 1977-83, 2) net 
revenues, however, are declining and 
that the industry and resources on which 
it is based appear headed toward a second 
(but now purely domestic) open access 
equilibrium, and 3) current management 
policies are ineffective in limiting catch 
to optimum yield. 

In the final section I offer recommen- 


dations for new policies to manage single 
and multispecies fisheries which have the 
potential to encourage efficient (least 
cost) harvest and to maintain stocks of 
fish and shellfish at levels producing pos- 
itive net benefits to the industry and soci- 
ety at large. 


The MFCMA: Background, 
Enactment, and 
Management Policies 


During the 1960’s and early 1970s it 
became evident that the U.S. commercial 
fishing industry had gone into serious de- 
cline in terms of historical landings and 
the age and efficiency of vessels in the 
industry. Much of the blame for this state 
of affairs was placed on the distant-water 
fleets of foreign countries. Large, mod- 
em trawlers and factory vessels, often 
subsidized by foreign governments, were 
accused of unfair competition and over- 
harvesting the fish and shellfish re- 
sources that had traditionally supported 
the smaller nearshore vessels that com- 
prised the U.S. fleet. International man- 
agement organizations (such as the Inter- 
national Commission for the Northwest 
Atlantic Fisheries—ICNAF) were often 
viewed as ineffective, and a situation of 
de facto open access was thought to exist. 





ABSTRACT—The Magnuson Fisheries 
Conservation and Management Act was en- 
acted in 1976 and implemented in 1977. In 
an analysis of data collected by the Na- 
tional Marine Fisheries Service one ob- 
serves a significant increase in the landings 
of fish and shellfish and in nominal and 
real ex-vessel revenue. The present value of 
net variable revenues for the 1968-76 
period was estimated at $1.1 billion com- 
pared with $3.8 billion for the 1977-85 
period. The increase in net revenues, how- 
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ever, appears to be declining due to the 
increase in the number of vessels in the 
U.S. domestic fleet. The time path for net 
revenues suggests that the industry is 
headed toward a new (purely domestic) 
open-access equilibrium where revenue 
equals cost and the imputed value of the 
resource is driven to zero (rent dissipa- 
tion). It is well known that open access 
results in welfare losses to both consumers 
and the fishing industry. If these welfare 
losses are to be avoided, the eight regional 


management councils and the Department 
of Commerce must adopt policies which 
will reduce yield in the short run (thereby 
allowing stocks to increase) and efficiently 
harvest optimum yield in the long run. 
Transferable quotas for single species fish- 
eries and transferable effort quotas (rights) 
in multispecies fisheries are attractive be- 
cause they encourage efficient (least cost) 
harvest and afford flexibility in a world 
where the stocks of individual species are 
subject to fluctuation. 





(Under open access there is no regulation 
of effort or catch and individual vessels 
are helpless to effect conservation meas- 
ures which might lead to increased stocks 
and ultimately larger yields). 

The intense competition for fish and 
shellfish was not limited to the nearshore 
waters of the U.S. coast. Several South 
American countries had unilaterally ex- 
tended their territorial waters 200 miles 
seaward from their coastlines in an at- 
tempt to restrict access to tuna and 
anchovy resources. Congressmen from 
coastal states were under increased pres- 
sure in the early 1970’s to write and enact 
legislation which would provide exclu- 
sive harvest rights to the U.S. vessels 
over a comparable coastal zone. While 
the United Nations had convened confer- 
ences on the Law of the Sea (UNCLOS) 
in 1958, 1960, and 1973, progress was 
painfully slow and the rate of “enclosure” 
continued to accelerate on a unilateral 
(country-by-country) basis. 

On 13 April 1976 President Gerald 
Ford signed into law the Fishery Conser- 
vation and Management Act (now called 
the Magnuson Fishery Conservation and 
Management Act in recognition of the 
important contributions by former U.S. 
Senator Warren Magnuson in the drafting 
and enactment process). As amended, 
the law (PL 94-265) provides for exclu- 
sive Federal management of all fishery 
resources (except migratory species of 
tuna and whales) within a fishery conser- 
vation zone (FCZ) extending from 
3 n.mi. to 200 n.mi. from shore. (The 
FCZ has been modified off the coasts of 
Texas, Puerto Rico, the Gulf side of Flor- 
ida and in the Gulf of Maine where the 
boundary line between Canada and the 
U.S. was recently arbitrated by the 
World Court). 

Eight regional Fishery Management 
Councils were created and charged with 
the task of preparing management plans 
for the species of commercial or recre- 
ational importance in their region. After a 
Council develops a fishery management 
plan (FMP), covering both domestic and 
possibly foreign fishing, it is submitted to 
the Secretary of Commerce for approval 
and implementation. The Secretary of 
Commerce may develop a preliminary 
fishery management plan (PMP) which 
covers only foreign fishing in the FCZ, 


or, if a Council fails to produce a FMP in 
a timely fashion, the Secretary is empow- 
ered to produce a FMP covering both do- 
mestic and foreign fishing. 

Foreign fishing in the U.S. FCZ is per- 
mitted if the U.S. domestic fleet is unable 
or uninterested in harvesting the opti- 
mum yield (OY) for a particular species 
or species complex. In cooperation with 
U.S. Department of State, the Depart- 
ment of Commerce can negotiate with an 
interested foreign country a Governing 
International Fishery Agreement (GIFA) 
for that portion of OY that will not be 
harvested by U.S. vessels. After ap- 
proval by the President it is sent to Con- 
gress for review. If no objections are 
raised by Members of Congress of the 
affected coastal states, the foreign coun- 
try may then apply for a permit for each 
vessel that will be fishing or receiving 
fish from U.S. vessels in the FCZ (the 
latter situation would occur under a “joint 
venture’). 

Various fees are collected from foreign 
countries operating in the FCZ. There is 
an application fee for each foreign vessel 
fishing or receiving fish in the FCZ. A 
poundage fee is charged for foreign ves- 
sels actually engaged in fishing. A sur- 
charge fee has been charged in the past to 
capitalize a fund which can be used to 
compensate a U.S. fisherman who suf- 
fers damage to a vessel or gear from for- 
eign vessels operating in the FCZ. Fi- 
nally, an observer fee is charged to cover 
the cost of monitoring foreign fishing 
through U.S. nationals acting as observ- 
ers aboard foreign vessels. 

The regional Fishery Management 
Councils are composed of members ap- 
pointed by the Secretary of Commerce 
and the governors of the coastal states 
within the region. Appointments are 
made so that the council has representa- 
tion from the fishing industry, proces- 
sors, sportfishing associations, and other 
concerned (and politically influential) 
groups. Each council has a small staff 
headed by an executive director. The 
council can contract for studies of the in- 
dustry or resources in their region and 
will also draw on the expertise of a scien- 
tific committee in developing a FMP. 
Two or more councils may work together 
in developing a plan for a species that 
migrates or is harvested in more than one 





region. After development, a FMP is 
subject to public review and comments 
are taken in writing or at public hearings. 

To date, the FMP’s have relied on a 
variety of management policies including 
annual quotas, quarterly quotas, trip quo- 
tas, closed areas, size limits, and net 
mesh size in an effort to restrict catch to 
an amount less than or equal to optimum 
yield. Optimum yield is that rate of har- 
vest that “(1) will provide the greatest 
overall benefit to the United States, with 
particular reference to food production 
and recreational opportunities, and (2) is 
prescribed as such on the basis of maxi- 
mum sustainable yield from such fishery 
as modified by any relevant ecological, 
economic, or social factors.” The second 
clause seems to have guided the delibera- 
tions of most councils in determining 
OY, although the precise influence of the 
relevant ecological, economic, and social 
factors is difficult to identify, ex-post. 

As of 1 January 1986 there were 25 
fisheries being managed under FMP’s 
and 7 being managed under PMP’s. 
Many of the earlier FMP’s have been 
amended since initial implementation as 
a result of unanticipated changes in the 
resource stock or industry. A detailed as- 
sessment of the success or failure of each 
FMP is beyond the scope of this paper. 
Instead we will examine what has hap- 
pened to the industry in terms of aggre- 
gate measures such as landings of fish 
and shellfish, ex-vessel revenue, number 
of registered vessels and variable cost. 
Before examining the data it will be help- 
ful to review the economic theory of open 
access. 


Open Access 


Prior to passage of the MFCMA it was 
maintained that the competition between 
U.S. and foreign flag fishing vessels had 
reduced offshore stocks of fish and shell- 
fish to levels where the ex-vessel rev- 
enues received by fisherman just covered 
the costs of fishing. Such a situation is 
symptomatic of open access—where har- 
vest is essentially unregulated and ves- 
sels enter the fishery (or existing vessels 
increase fishing effort) until net revenue 
is driven to zero. 

The tendency of a common property 
fishery to evolve toward an open access 
(zero profit) equilibrium was first dis- 
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cussed by Gordon (1954). Gordon re- 
ferred to this process as one of “rent dissi- 
pation” because the resource was har- 
vested to a level where competitive 
vessels, only covering the costs of fish- 
ing, would be unable to pay (rent) for the 
right of access. If the resource were 
owned (by a private individual or by a 
government agency acting on behalf of 
its citizens), it would charge fishermen 
some amount for the right to harvest 
some portion of the resource stock. 
Under ownership or agency management 
the resource has value equal to the 
present value of future expected rents. 
Under open access, however, the dissipa- 
tion of rents implies that the resource has 
been economically overfished to the 
point where it can earn no rent and is thus 
worthless. 

It can be shown that open-access equi- 
librium is nonoptimal. There will be too 
many vessels chasing too few fish. If har- 
vest could be restricted and stocks in- 
creased, it would be possible to compen- 
sate (buy out) the vessels who left the 
fishery and still have money (rent) left 
over. 

The analysis by Gordon (1954) was es- 
sentially a static or equilibrium analysis. 
Smith (1968) presented a dynamic model 
represented as a system of two differen- 
tial equations. Suppose X represents the 
biomass of some species at time t, and E 
represents the level of fishing effort. The 
resource is presumed to exhibit net 
growth without fishing according to the 
function F(X). The rate of harvest (fish- 
ing mortality) is given by the production 
function H(X,E). Thus, the rate of 
change in biomass is given by the differ- 
ential equation 


X = F(X) — H(X,E) (1) 


The change in effort (perhaps meas- 
ured by vessels, vessel-days, or net- 
hours) is presumed to depend on the level 
of net revenues (profit rate). In particu- 
lar, if net revenues are positive effort will 
expand, while if net revenues are nega- 
tive effort will contract. Suppose the 
price per pound for a ton of fish at the 
dock (that is, the ex-vessel price) is given 
by p while the cost of effort is given by k. 
Then, since H(X,E) represents the rate of 
harvest, pH(X,E) represents ex-vessel 
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revenue, while KE represents cost. The 
rate of change in effort might be de- 
scribed by the differential equation 


E = n[pH(X,E) — kE] (2) 


where n > 0 is a “stiffness” parameter 
indicating the response of effort to net 
revenue. Taken together, equations (1) 
and (2) comprise a two-dimensional 
(planer) nonlinear dynamical system. If 
p, k, and all other parameters are time- 
invariant, the system is autonomous and 
the identification and stability analysis of 
stationary states might be accomplished 
by phase plane analysis. 

For a general system similar to equa- 
tions (1) and (2), Smith (1968) noted the 
possibility of multiple equilibria, some 
stable and some unstable. Open access 
extinction was a possibility if it were 
profitable to expand effort at low stock 
levels or if vessels did not leave an un- 
profitable fishery rapidly enough. 

Consider the Gordon-Schaefer model 
(Clark, 1976:203 and 1985:16) where 


(3) 
(4) 


X = rX(1—X/K) — qXE and 
E = n(pqXE — kE) 


E 


r/q 


~ 







- 








The net growth function is thus F(X) = 
rX(1—X/K) which is the logistic function 
where r is the intrinsic growth rate and K 
is the environmental carrying capacity. 
The production function is H(X,E) = 
qXE where q is the catchability coeffi- 
cient. As before, the parameters p, k, 
and n represent the per-unit price for 
landed fish, the per-unit cost of effort, 
and the adjustment parameter. The iso- 
clines of Gordon-Schaefer model are ob- 
tained by setting X = 0 and E = 0, with 
the latter immediately implying that the 
stationary (equilibrium) stock under open 
access is X = k/(pq). The isocline asso- 
ciated with X = 0 is given by the line 
E = r(1—X/K)/q and thus the stationary 
level of effort under open access is 
E =r(1—X/K)/q. The isoclines are 
drawn in the phase-plane diagram in 
Figure 1. ers 

The equilibrium (X,£) is stable (a node 
or spiral). Limit cycles are precluded by 
the Bendixon-du Lac test (see Clark, 
1976:203-204). Figure 1 shows a spiral 
covergence to (X,E). When X<X = k/ 
(pq), net revenues are negative and effort 
decreases, while when X>X = 
k/(pq) net revenues are positive and effort 


X=rX (1-X/K)-qXE 
E=n (pqXE -kE) 





X= k/(pq) 


> X 
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Figure 1.—A phase plane diagram for the system. 
X = rX(1 — X/K) — qXE 
E = n(pqXE — kE) 
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Figure 2.—The time path for net revenues for spiral convergence to 
open access equilibrium. 


increases. A possible time path for net 
revenues is shown in Figure 2. It exhibits 
a damped oscillation_as net revenues are 
driven to zero as XX, EE, and t>. 
In any empirical investigation price, 
cost and other parameters will be chang- 
ing. Individual stocks of fish and shell- 
fish often show significant fluctuation 
presumably due to stochastic environ- 
mental conditions. It is unlikely, there- 
fore, that a “real world” fishery would 
ever exhibit convergence to a stationary 
point. In a changing, stochastic world 
open access might be characterized by 
more or less random fluctuations in net 
revenue about N = 0 (the t-axis in Fig- 
ure 2), as the resource stock, price, or 
cost is subject to random variation. 
Empirically, then, if a fishery has ex- 
hibited damped oscillation toward zero 
net revenues or random-fluctuation about 
zero net revenues, a strong case might be 
made for de facto open access. Policies 
which increase expected net revenue 
(thus fishery rent) would be consistent 
with a move toward improved fishery 
management. (Policies which reduce the 
variance of net revenues would pre- 
sumably confer benefits to risk averse in- 


dividuals). What evidence can be assem- 
bled on the status of U.S. commercial 
fisheries both before and after implemen- 
tation of the MFCMA? 


The U.S. Commercial 
Fishing Industry: 1968-85 


An economic assessment of the U.S. 
fishing industry is made difficult because 
of the large number of independent ves- 
sels employing often vastly different gear 
to harvest over 100 different species of 
finfish and shellfish. The NMFS defini- 
tion of a vessel is any craft of 5 net tons 
or greater. In 1977 there were 17,545 
vessels registered with the U.S. Coast 
Guard for commercial fishing. The vast 
majority, 13,235 or 75 percent, were less 
than 50 gross registered tons (GRT). The 
modal and median class (cell) was 10-19 
GRT while the average vessel was 
43.7 GRT. The largest vessel class was 
3,270-3,279 GRT. 

These vessels do not fish year round 
and may change gear and fisheries within 
a single year. In a 1982 study of 60- 
100 GRT otter trawlers, Mueller et al. 
reported an average of 158.6 days absent 
from port and an average of 98.2 days 





fishing during the 5-year period 1976- 
80'. Thus, the number of vessels in the 
industry is a very crude measure of fish- 
ing effort. Its only advantage is that 
NMFS data on vessel numbers exists for 
the period 1968-84. We will use the sym- 
bol E, to denote the number of vessels in 
year t, where t = 0 corresponds to 1968 
and t = 17 corresponds to 1985. 

The NMFS also keeps track of total 
landings of fish, shellfish, and ex-vessel 
revenue. Given the highly decentralized 
nature of the U.S. fishing industry and 
the tax incentive for cash transactions, 
one can safely assume that the reported 
data for landings and ex-vessel revenues 
understate the amount and value of U.S. 
catch. The extent of the understatement is 
not known. We will denote the aggregate 
landings of fish and shellfish (exclusive 
of mollusk shell weight) by Y, and ex- 
vessel revenue by R,. 

Given estimates of Y, and R, one can 
obtain an average price p, = R,/Y,. With 
Y, measured in metric tons and R, in dol- 
lars, p, is interpreted as the price per met- 
ric ton ($/mt). 

An important time series not estimated 
annually by the NMFS is industry cost. 
Given the diversity of vessel size, design, 
and gear operation, this is understand- 
able. The NMFS will periodically con- 
duct studies into the costs and returns of 
various types of vessels operating in the 
major commercial fisheries. In addition, 
the aforementioned report by Mueller et 
al.' describes a financial simulator which 
has been used to estimate vessel costs 
based on design and operating character- 
istics, days absent from port, cost of 
food, fuel, and ice and other variable and 
fixed-cost components. 

In 1977 the NMFS reported that the 
variable cost of operating a 42 GRT 
trawler in 1974 was $44,901. Since the 
trawler is a dominant vessel type, and the 
“average” vessel in 1974 was 43 GRT, 
this variable cost figure was used as an 
initial condition to generate variable ves- 
sel cost for other years. Let k, denote the 
variable vessel cost in year t. Then the 
difference equation 


'This analysis was reported by Mueller, et al. in 
“Some notes on modeling the financial perform- 
ance of commercial fishing fleets,” National 
Marine Fisheries Service, Northeast Regional 
Office, Gloucester, Mass. 1982. 
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Table 1.—Definition of variables in Table 2. Table 2.—The U.S. commercial fishing industry, 1968-85. 














t = year index t = 0 (1968) fo t = 17 (1985). t Y% Rt Pr E; CPI, ke Cr N 
= yield of fish and shellfish (106 metric tons (t)), (No. of 
exclusive of mollusk shell weight. (Year) (108t) ($109) ($A) vessels) (1967=100) (S/vessel) ($109) ($109) 
Ry = ex-vessel revenue ($109) in year f. 

Pr = average price ($/) for finfish and shellfish in year 1968 1.9 0.5 263 13,150 104.2 31,675 0.4 0.1 

& 1969 1.9 0.5 263 13,187 109.8 33,378 0.4 0.1 

E; = number of vessels = to 5 net tons in year ft. 1970 2.2 0.6 272 13,591 116.3 35,354 0.5 0.1 

CPI; = consumer price index (1967 = 100) in year t. 1971 23 0.7 304 14,008 121.3 36,874 0.5 0.2 

ky = variable cost of a 42 gross registered 1972 2.2 0.7 318 14,507 125.3 38,090 0.6 0.1 

ton (GRT) trawler ($/vessel) in year tf. 1973 2.2 0.9 409 15,367 133.1 40;462 0.6 0.3 

C; = total variable cost ($109) for industry in year t. 1974 2.3 0.9 391 15,891 147.7 44,901 0.7 0.2 

N; = net revenue ($109) for industry in year tf. 1975 2.2 1.0 454 16,211 161.2 49,005 08 0.2 

1976 2.4 1.3 541 16,875 170.5 51,832 0.9 0.4 

1977 2.4 18 625 17,545 181.5 55,176 1.0 0.5 

1978 2.7 1.9 703 18,100 195.4 59,401 11 08 

1979 28 2.2 785 18,400 217.4 66,088 1.2 1.0 

1980 29 22 758 18,900 246.8 75,025 1.4 08 

1981 2.7 24 888 19,500 272.4 82,807 1.6 08 

kia, = (1 + (CPI 4, 1982 29 24 827 —20,400 289.1 87,883 18 0.6 

t t 1983 29 2.4 827 21,100 298.4 90,710 1.9 05 

1984 28 23 821 24,000 311.1 94,570 23 0.0 

= 1985 28 2.3 821 25,000 322.2 97,944 2.4 0.1 

CPI, ) VCP I, Kk, (5) See Table 3 (9) (9) (b) (c) (d) (e) () (9) 


where CPI, denotes the consumer price 
index (1967 = 100) was used to generate 
variable vessel costs for all other years 
(1968-73 and 1975-85).? 

Knowing the number of vessels E, and 
the variable cost of the average vessel, k,, 
one can estimate variable cost for the in- 
dustry as C, = k,E,. Net revenue, de- 
noted by N,, can be calculated as 
N, =R, — C,. This is actually net vari- 





methods of calculation for the data in 
Table 2. Figures 3-7 present graphs of the 
time paths for Y,, R,, E,, C,, and N,. 
Simple analysis of the data in Table 2 
provides the following insights into the 
performance of the U.S. fishing industry 
in the 9 years before (1968-76) and after 


Table 3.—Date source method of calculation, and 
comments on data in Table 2. 





(a) Source: “Fisheries of the United States,” 1985: p. 3, 36. 

(b) Calculated: p; = Ry/Y;. 

(c) Source: “Fisheries of the United States,” 1980-85, and 
“Fishery Statistics of the United States,” 1968-77). 
Comment: The number of vessels reported in 1984 
on etay Comment: 

vessels reported in 1985 is an estimate by the author. 

No estimate was available from the NMFS during data 


able revenue, and the vessel owner would (1977-85) implementation of the a collection ag 1986). pene a 
need to cover fixed costs and taxes from MFCMA.? April 1986, 91-101. ; 


net variable revenue. Given the wide 
range of fixed costs and taxes for similar 


Landings of fish and shellfish signifi- 
cantly increased in the post MFCMA pe- 


(e) Source: The 1974 estimate of variable cost for a 42 


vessels, no attempt was made at estima- riod. The mean for landings during the "54401 sor b= 6 (i974), The other values of & 
tion. (Economic theory would suggest period 1968-1976 was 2.2 million metric were obtained from the difference equation ky, = 


that the fishing decision in a given year 
would be based on variable cost consider- 
ations, although future investment deci- 
sions would require fixed costs to be cov- 
ered as well.) 

Table 1 provides a summary of nota- 
tion and definition of variables. Table 2 
contains data on Y,, R,, p,;, E,, CPI,, k,, 
C,, and N,, for the period 1968-85. 
Table 3 contains notes on the sources and 


Reviewers have suggested that a more appropri- 
ate index to construct estimates of variable vessel 
cost would be the Producer’s Price Index (PPI) 
or the Fuel Price Index (FPI). The PPI for all 
commodities was 102.5 in 1968 and 308.8 in 
1985 and would generate slightly lower esti- 
mates of variable vessel costs. The FPI increased 
dramatically from 98.9 in 1968 to 634.2 in 1985. 
This would significantly increase the estimates 
of variable vessel costs and greatly reduce the 
estimates of net revenue, especially in the post- 
MFCMA period. Thus, it should be acknowl- 
edged that the estimates of the net revenue will 
be influenced by the choice of index used in 
equation (5). 
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tons as compared to 2.8 million metric 
tons for the period 1977-1985. A simple 
test for the difference of two means 
(Hp: B2 — B, = 0, where p, is the un- 
known mean yield for the ex-post 
MFCMA period and yp, is the unknown 
mean yield for the ex-ante period) 
yielded a test statistic of t* = 7.57, lead- 
ing one to reject equal mean landings at 
the 1 percent level. The time path for 
landings is shown in Figure 3. Increased 
U.S. landings in many fisheries were 
likely the result of exclusion of foreign 
vessels. While data is not available for all 


31t has been pointed out that because this analysis 
was conducted at the industry level, it may not be 
representative of the performance in any specific 
fishery (e.g. sea scallops). This is technically 
correct. The same industry data could be gener- 
ated from an aggregation of very profitable and 
very unprofitable fisheries. A detailed (micro) 
financial analysis of even the major commercial 
fisheries, however, would have resulted in a 
book-length manuscript, and was thus beyond 
the scope of the present study. 


[1+(CPhhy 1 — CPh)/CPl;)ky. 
(f) Calculated: C; = kE, 
(g) Calculated: N; = A,C;. 





the major fisheries, on the U.S. east coast 
foreign landings declined from an annual 
average of 1,226.1 x 10° mt for the pe- 
riod 1970-74 to 107.4 x 10° mt in 1982 
(NMFS, 1983:13). A similar redistribu- 
tion (from foreign to U.S. flag vessels) 
undoubtedly occurred in the Pacific 
Northwest and Alaska. 

Ex-vessel revenue also increased in the 
post MFCMA period (see Figure 4). The 
numbers reported in column three in 
Table 2 are nominal and thus reflect the 
increase in landings as well as inflation. 
Deflation by the consumer price index 
will, however, reveal that real (deflated) 
revenues also increased. The average for 
the 1968-76 period was $0.80 billion 
while it was $2.2 billion (nominal) for 
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Figure 3.—Landings of fish and shellfish, 1968-85. 
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Figure 4.—Ex-vessel revenues, 1968-85. 
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Figure 5.—Number of vessels, 


the 1977-85 period. 

An indication of expected profitability 
is reflected in the increase in the number 
of vessels in the U.S. fleet. Even during 
the pre-MFCMA period there was signif- 
icant entry. This might reflect current 
profitability (as in equation (2) in the pre- 
ceding section on open access) or it may 
reflect an anticipation of future profits 
under extended jurisdiction. Certainly by 
1973 it was suspected that some form of 
extended jurisdiction would be unilater- 
ally adopted by the United States. During 
the 9-year period before implementation, 
vessel numbers increased by 3,725. In 
the 9-year period after implementation, 
the number of vessels increased by ap- 
proximately 7,455. The time path for the 


Year 








1968-85. 


number of vessels is shown in Figure 5. 

Industry cost (estimated as the product 
of average variable cost per vessel times 
the number of vessels) is shown in 
Figure 6. The cost of operating our 
“average” vessel increased over threefold 
from 1968 to 1985 (see Table 2, column 
seven). This was the result of general in- 
flation and the dramatic increases in the 
cost of crude oil and distillate products 
(including diesel) during the Arab oil em- 
bargo (1973-74) and the disruption ac- 
companying the initial stages of the Iran- 
Iraq War (1980)*. In the early 1980’s, 


4Attaching a higher weight to fuel prices would 
reduce the estimates of net revenue. See footnote 
Z 


Figure 6.—Variable costs, 1968-85. 


interest payments on new vessels ap- 
proached 10 percent of the gross boat 
share (Mueller, et al.'). The increase in 
industry variable cost in 1984 and 1985 is 
more influenced by the number of new 
vessels entering the industry (estimated 
at 3,900) than by per-vessel cost (which 
only increased 8 percent over that 2-year 
period). 

Industry revenues, variable costs, and 
net revenues are shown in Figure 7. 
There are two interesting aspects about 
the time path for net revenues. First, net 
revenues are significantly greater in the 
post-MFCMA period, particularly during 
the years 1977-83. Using a 10 percent 
discount rate the present value of net rev- 
enues for the 1968-76 period was 
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Figure 7.—Revenues, variable costs, and net returns, 
1 : 


$1.1 billion versus $3.8 for the 1977-85 
period. While other factors may have 
contributed to the favorable “bottom 
line” during the latter period, it seems 
likely that the MFCMA was the major 
factor. 

The second, more disquieting, aspect 
is the rapid decline in net revenues in 
1984 and (estimated for) 1985. Recall 
zero net revenues or oscillating (positive 
and negative) net revenues were symp- 
tomatic of open access. It would appear 
that the U.S. fishing industry may be set- 
tling down to a second open access equi- 
librium. Only now the vessels that are 
economically overfishing the stocks of 
fish and shellfish are U.S.-flag vessels 
and reducing their collective catch will be 
politically more difficult. Again, the 
costs of open access are under- 
performance costs, in the sense that 
larger yields could be obtained by a 
smaller fleet fishing a larger stock. This 
increase in net revenues from a well man- 
aged fishery would more than exceed the 
difference in opportunity costs of those 
fishermen and vessels leaving the fish- 
ery. 

In summary, it would appear that the 
MFCMA did play an important role in 
increasing industry net revenues during 
the 1977-85 period. However, the long- 
term effectiveness of the management 
plans and policies currently in force is 
suspect. It would appear that a second, 
purely domestic open access equilibrium 
is being approached, along with the asso- 
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ciated social cost of under-performance. 
“Anderson’s Prophecy” appears to be 
borne out by the data on vessel numbers 
and estimates for net revenues?. 

If the above analysis is an accurate as- 
sessment of industry performance under 
the MFCMA, then it is also an indictment 
of the management policies embodied in 
the FMP’s and the PMP’s. Recall that the 
objective of the eight regional councils 
was to encourage harvest of optimum 
yield (OY). To define optimum yield in a 
single-species fishery, most councils at- 
tempted to follow the guidelines in the 
second clause of the definition; that is, to 
determine maximum sustainable yield, 
and then make appropriate modifications 
based on the relevant “ecological, eco- 
nomic or social factors.” While these lat- 
ter factors introduce elements of impreci- 
sion and subjective judgement, they 
cannot explain the failure of the MFCMA 
to avoid or reverse the drift toward do- 


5 It should be emphasized that this is a “before 
and after” analysis which is different from a 

“with and without” analysis. The latter analysis 
is actually the preferred analysis for project and 
impact analysis. It generally requires the con- 
struction of a model, such as the open access 
model, to stimulate what would have happened 
without a project or policy (in our case, the 
MFCMA). One approach would be based on em- 
pirical estimation of growth and func- 
tions for a fishery and simulating the difference 
equation analogue of equations (3) and (4) for- 
ward in time given actual observations on per 
unit prices and costs. For an empirical study of 
the North Sea herring fishery, see Bjérndal and 
Conrad (1987). 


mestic open access. What went wrong? 

There are at least two factors that 
would contribute to the ineffectiveness of 
management based on OY. First, the esti- 
mates of OY may presume a stock level 
larger than the current stock and a contin- 
uation of harvest rates at OY only fos- 
tered a continued decline in the resource 
stock or, at best, prevented recovery. In 
other words, yields considerably less 
than OY might be required to allow 
stocks to increase before OY could be 
harvested on a sustainable (yearly) basis. 

Second, the dramatic increase in the 
number of vessels has likely led to an 
increase in the amount of unreported 
landings. This is true even if the rate of 
under-reporting per vessel is unchanged. 
Reported landings less than OY might be 
associated with actual landings in excess 
of OY and ultimately lead to declining 
stocks. 

There are other possible explanations, 
but if the above two factors were 
paramount, then steps to improve man- 
agement under the MFCMA must focus 
on 1) transitional yields (TY’s) which 
will lead to stock levels capable of sup- 
porting optimal yield, and 2) better mon- 
itoring and enforcement of catch both in 
transition (along an approach path) and at 
optimal yield, once the stock level sup- 
porting OY has been reached. 

Economists are also interested in poli- 
cies which promote efficiency; that is, 
policies which encourage TY’s and OY 
to be harvested at least cost. As it turns 
out, policies which promote efficiency 
might also lead to better monitoring of 
actual catch. We now turn to a discussion 
of policies to promote and maintain a 
more efficient industry. 

Recommendations for 


Improving Management Under 
the MFCMA 


Recent theoretical work in bioeconom- 
ics is based on a management objective 
which seeks to maximize the present 
value of net benefits. Under certain as- 
sumptions this objective will be met by 
finding that stock level which satisfies a 
“singular solution,” and setting transi- 
tional yield at zero if current stock is less 
than the optimum, or harvesting at a 
maximum rate if current stock is greater 
than the optimum. In other words, it is 





optimal to approach the optimal stock as 
rapidly as possible (Clark, 1976:39-41). 

The optimal stock within a bioeco- 
nomic model will typically depend on 
price, cost, parameters of the growth and 
production functions, and the discount 
rate. The optimal stock may be greater 
than or less than the stock associated with 
maximum sustainable yield (MSY). This 
will depend on the magnitude of the 
“marginal stock effect” relative to the 
discount rate (Clark and Munro, 1975). 
In an empirical study of tuna in the east- 
em tropical Atlantic, Conrad and Adu- 
Asamoah (1986) have estimated that the 
optimal stock exceeds the MSY stock. 
This is attributable to cost savings af- 
forded by fishing a larger stock. 

The operational objective under the 
MFCMaA is to manage coastal fishery re- 
sources so they provide an optimal yield 
(OY) equal to MSY plus or minus some 
amount to reflect ecological, social, or 
economic considerations. Thus, the ob- 
jective under the MFCMA is not incon- 
sistent with the optimal stock which 
might emerge from application of the 
simple bioeconomic model. The manage- 
ment policies espoused by economists to 
achieve and maintain fish stocks near the 
optimal level, however, are different 
from those usually recommended by bi- 
ologists and those which have dominated 
applied management under the MFCMA. 

The key to understanding economic 
policies for fishery management is “user 
cost” (Conrad, 1986:390-396). User cost 
reflects an incremental cost imposed in 
future periods because an additional unit 
of the resource is harvested today. By 
reducing the stock an additional unit 
today, you reduce future stock by that 
unit and by the biological growth it 
would have provided. 

Bioeconomic policies have attempted 
to introduce economic incentives which 
would cause fishermen to behave “as if” 
they were cognizant of user cost. These 
incentive-based policies, in a single spe- 
cies fishery, include landings taxes and 
transferable quotas (Clark, 1985:157-175 
and Conrad, 1986:395-397). A landings 
tax is a tax per unit on the harvested re- 
source (e.g., $100 per metric ton of yel- 
lowtail flounder landed in New Bedford). 
A transferable quota is a certificate which 
entitles the owner to harvest a certain 
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amount of the resource per unit time 
(e.g., 10 metric tons of yellowtail floun- 
der in 1986). By transferable, economists 
mean that the owner of the quota may 
“fish it” or sell it to another fisherman. 
Within the single-species bioeconomic 
model it can be shown that landings 
taxes, transferable quotas, or a mix of 
both are capable of inducing competitive 
fishermen to collectively harvest some 
target amount, either a transitional yield 
(TY) or optimal yield (OY). In a mixed 
system, the higher the landings tax, the 
lower the bid-price for a quota in the 
transferable quota market. 

Management by landings taxes or 
transferable quotas has the advantage of 
economic efficiency; that is, they encour- 
age harvest by the lower cost fishermen. 
With a landings tax only fishermen who 
can cover costs with “after-tax” revenues 
would be economically viable. With 
transferable quotas the lower cost fisher- 
men would be able to offer higher bid- 
prices and thus, in theory, would be able 
to purchase the quotas required for fish- 
ing. 
Under the MFCMA, as currently 
amended, landings taxes are probably 
precluded (Christy, 1977:144). Thus, we 
will focus on transferable quotas in a sin- 
gle species fishery and transferable effort 
quotas (rights) in multispecies fisheries 
(such as the groundfish fishery on 
George’s Bank where cod, haddock, 
flounder, and other species may be har- 
vested simultaneously by otter trawlers). 

Suppose we are concerned with a sin- 
gle species fishery where the stock is 
below the level associated with optimum 
yield. Fisheries scientists on the Coun- 
cil’s scientific committee must determine 
a level for transitional yield (TY) which 
allows for escapement and growth which 
will increase the stock. There are, of 
course, many possible levels for TY in- 
cluding a zero yield (i.e., a fishing mora- 
torium) which would allow for the “most 
rapid” approach to the optimal stock. 
Suppose a moratorium is viewed as too 
extreme and some TY is adopted which 
scientists think will allow for some posi- 
tive level of growth. 

The TY must now be divided up into 
some number of transferable quotas. For 
example, if TY = 1,000 metric tons of 
sea scallops, a total of 100 transferable 





quotas might be created entitling the 
owner to harvest up to 10 metric tons in 
1986. Care must be taken in specifying a 
quota amount which could be profitably 
fished by a single vessel during some part 
of a year. 

How are the quotas to be allocated 
among the potential fishermen? Fisheries 
economists suggest that they might be 
sold to the highest bidder at auction or 
distributed gratis to some set of “de- 
serving” fishermen. Again, the MFCMA 
as currently amended may preclude sale 
by auction. It is also likely to be the case 
that there will be more “would-be” fish- 
erman than quotas. One suggestion is to 
set up criteria based on a record of histor- 
ical landings (involvement) in the fishery 
which would define a set of “legitimate” 
vessel owners eligible for a lottery. Say 
there are 200 such eligible vessel owners. 
After the drawing, 100 of the eligible 
vessel owners will have received a quota 
entitling them to harvest up to 10 metric 
tons of scallops. The 100 eligible vessel 
owners who do not have a quota would be 
able to negotiate with quota holders or 
submit bids to a quota marketi.., board 
that would serve as an intermediary be- 
tween current holders (suppliers) and eli- 
gible vessel owners wishing to acquire a 
quota (demanders). 

There are many details which would 
need to be worked out. Should a limit be 
placed on the number of quotas which 
could be owned by a single individual or 
corporation? Could a quota holder sell a 
portion of his quota? Should the quotas 
be annual or for a longer period of time, 
thereby allowing a longer horizon for 
planning investments in vessel, gear, and 
electronics? Should the TY’s be specified 
for more than | year in advance, again 
providing the quota holder with a less 
risky management environment? 

While the answers to the above ques- 
tions may have significant implications 
for the price of quotas and the flexibility 
with which managers have to alter TY’s, 
they should not pose insurmountable 
problems if the concept of transferable 
quotas and the lottery-market process 
is viewed as acceptable. Over time, if 
initial TY’s do allow stocks to recover, 
then the number of quotas would pre- 
sumably increase as TY approaches OY. 

Transferable quotas may facilitate en- 
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forcement and reduce the amount of un- 
reported “overfishing.” The U.S. Coast 
Guard would have a list of those vessels 
with quotas and any other vessels found 
on or near the fishing grounds of the spe- 
cies in question would be suspect and 
subject to search. 

Management of multispecies fisheries 
is a much more complex and difficult 
problem (May et al., 1979). In multispe- 
cies fisheries where a nonselective gear 
harvests two or more species simulta- 
neously, it is difficult to apply a system 
of transferable quotas on a species-by- 
species basis. The New England Re- 
gional Fishery Management Council will 
attest to this difficulty. They tried and 
abandoned quarterly quotas by species, 
trip quotas by species, and are currently 
operating under a minimum mesh size for 
the New England groundfishery. By 
studying trip-file data it should be possi- 
ble to estimate the number of days absent 
or days fished and the likely total number 
of metric tons of groundfish (cod, had- 
dock, pollock, flounder, and redfish). A 
transitional yield and associated number 
of “days-to-be-fished” (DTBF) is speci- 
fied. The total DTBF is divided into a 
finite number of “effort quotas.” As be- 
fore, a set of eligible vessels is deter- 
mined, and a lottery is employed to as- 
sign effort quotas specifying the right to 
fish some number of days. Those vessel 
owners who did not win in the lottery 
would be free to negotiate with the holder 
of an effort quota directly or submit a bid 
to the administrator of the quota market. 

The value of an effort quota (or right) 
is more speculative than a catch quota in 
a single species fishery. This is because 
an effort quota entitles the owner to fish 
some number of days, but there is no 
guarantee on catch. No quotas would be 
levied on individual species and the com- 
position of total catch would be likely to 
change from year to year. If managers 
had concerns about the abundance of a 
particular species within a multispecies 
complex, analysis of particular grounds 
may indicate areas which, if closed to 
fishing, would offer some specific pro- 
tection to the species of concern. As mul- 
tispecies biomass increases, the number 
of DTBF could be increased allowing 
total catch to increase toward the estimate 
of OY. 
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Enforcement of a system of transfer- 
able effort rights would be more difficult 
because it would require a monitoring of 
the number of days that a quota-holding 
vessel actually had its net in the water. 
Vessels might be required to submit “trip 
plans” to a central office indicating head- 
ings and expected time steaming to, 
from, or between grounds and their home 
port. Coast guard vessels would be in- 
formed of trip plans, and when encoun- 
tering vessels would determine location 
and status (steaming or fishing). 

In both the single and multispecies 
fisheries the presence of “natural fluctua- 
tions” in fish stocks will present a con- 
flict between managers who wish to fre- 
quently change TY’s or DTBF in 
response to fluctuating stocks and fisher- 
men who want to know their future quo- 
tas or DTBF with certainty. Both the re- 
gional councils and the fishermen will 
have to maintain flexibility as managers 
learn about the recruitment effects of pre- 
vious TY or DTBF quotas. The trade-off 
would hopefully be between a more prof- 
itable fishery, subject to changing man- 
agement policies, versus a static, low 
profit, de facto open-access fishery. 


Conclusions 


Let us return to the three questions 
posed in the introduction to this paper. 
The first asked whether the MFCMA in- 
creased net revenues above what they 
would have been during the 1977-85 pe- 
riod. Our conclusion would be “yes,” 
based on our estimates of industry cost 
and the calculation of a present value for 
net revenues of $1.1 billion for the 1968- 
76 period vs. $3.8 billion for the 1977-85 
period. 

The second question asked if the 
stocks of fish and shellfish in the FCZ 
have increased since passage of the 
MFCMA. This question cannot be an- 
swered definitively, but it is likely that 
stocks have not increased appreciably. 
The U.S. fleet expanded rapidly and 
much of the net revenue gains were prob- 
ably the result of a redistribution of for- 
eign catch to U.S. vessels. The estimated 
decline in net revenues suggests that the 
U.S. commercial fishing industry may be 
converging to a new, purely domestic, 
open-access equilibrium. Open access re- 


sults in underperformance costs. There 
are too many vessels chasing too few 
fish. The industry and society (the fish- 
consuming public) would be better off if 
stocks were allowed to increase and 
higher yields could be sustained based on 
larger standing stocks of fish and shell- 
fish. 

The third question asked if current 
management policies adopted under the 
MFCMA would provide a basis for long- 
term, positive net benefits. The answer 
would seem to be “no.” While the 
MFCMA probably precludes landing 
taxes as a means to “internalize” user cost 
in the decisions of fishermen, it does not 
preclude the use of a system of transfer- 
able quotas in single species fisheries or 
effort quotas (rights) in multispecies fish- 
eries subject to nonselective harvest. A 
transitional yield-lottery program of 
management is recommended according 
to the criteria of efficiency (least-cost 
harvest), flexibility in the face of natural 
fluctuations, and holding the best 
promise of providing positive net bene- 
fits to the industry and fish-consuming 
public. 
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The Magnuson Fisheries Conservation 
and Management Act: An Economic 
Assessment of the First 10 Years. Discussion 


IVAR E. STRAND 


Jon Conrad has offered a provocative 
paper addressing the important issue of 
the effectiveness of MFMCA. The issue 
is whether we, as a nation, are attaining 
any or all of the potential rewards from 
the resources in our 200-mile economic 
zone. 

The author has provided a well-written 
theoretical section that should be accessi- 
ble to persons without much background 
in economics or mathematics. It also pro- 
vides a reasonably elegant way to estab- 
lish a working hypothesis, which is pur- 
ported to be tested in the empirical 
section. The hypothesis is that the aggre- 
gate net revenues in the fishing industry 
have increased significantly over the pe- 
riod 1977-85 compared with net revenues 
over the period 1968-76. If one observes 
a significant increase in net revenues in 
the post-MFCMA period, we are to con- 
clude that this is both beneficial to the 
United States and the result of MFCMA. 

Ignoring the proof of causality and the 
data for a moment, one is still left uncom- 
fortable with the conclusion that the U.S. 
benefits when the hypothesis is true. An 
alternative conclusion could be drawn 
from the maintained hypothesis. First, 
the cost of capital in the latter period was 
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substantially larger than in the former. 
This requires greater net revenues to 
cover the fixed costs. It is also possible, 
although not likely, that the exclusion of 
the foreign vessels drove up consumers’ 
prices from imported seafood. If this 
were true, then there might be nothing 
more than a transfer of wealth from U.S. 
seafood consumers to U.S. producers, 
without any net gain to the United States. 

This latter possibility raises a serious 
conceptual problem with the maintained 
hypothesis—how do consumers enter 
into the analysis. Whereas Conrad proba- 
bly is reflecting accurately the philoso- 
phy and value judgments of the National 
Marine Fishereies Service, the hypothe- 
sis and analysis should also reflect con- 
sumer welfare. MFCMA would indeed 
be of little value to the United States if 
consumption remained the same, produc- 
ers net revenues rose by $2 billion, and 
consumer expenditures rose by $4 bil- 
lion. It is recognized that the data prob- 
lems expand when the consumer is con- 
sidered, but that is no reason to ignore 
entirely the conceptual issue. 

The empirical analysis in this paper 
underscores the gap between economic 
theory and applied economics in fish- 
eries. This gap was made obvious to me 
the other day when an agricultural 
economist asked me to cite a “seminal” 


applied work in fisheries. Every article 
which came to mind had serious flaws, 
mostly relating to data quality and 
availability. It is particularly troublesome 
when someone must use vessel costs, as 
with Conrad. At some point, NMFS 
should consider undertaking cost studies 
on a regular basis. Conrad derived costs 
in a naive but likely necessary fashion. 
However, it really detracts from my con- 
fidence in the results. 

There are also some practical problems 
which must be raised. The analysis does 
not attempt to remove species which are 
not under the jurisdiction of MFCMA. 
Important species such as tuna or men- 
haden (which is under MFCMA jurisdic- 
tion but not managed) can strongly influ- 
ence the results. The hope or assumption 
that changes in these extra-jurisdictional 
species offset one another may be unjus- 
tified. In fact, production from most of 
the extra-jurisdictional species familiar to 
me have declined over the period of anal- 
ysis. This would suggest that Conrad’s 
estimates of benefits are understated. 

Whereas I likely agree with the conclu- 
sions of this paper, it is not because of the 
analysis. There are good deductive argu- 
ments to reach these conclusions, and 
their force is likely stronger than the evi- 
dence presented here. In fact, recent 
work by Norton, Miller, and Kenney 
(1985) reaches similar conclusions based 
on a better analysis, in my opinion. The 
paper might be stronger if it had accepted 
the Norton et al. (1985) conclusions and 
developed more completely some of its 
interesting thoughts on the development 
of transferable quota system under 
MFCMA. 
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Bridging the Gap Between 


Economic Theory and Fisheries Management: 
Can the MFCMA Produce Economically Rational Management? 


Introduction 


This paper addresses the question of 
whether the Magnuson Fishery Conser- 
vation and Management Act of 1976 
(MFCMA) can produce “good” fishery 
management, “good” in this case mean- 
ing appropriate utilization of lessons to 
be learned from economic theory. The 
MFCMaA outlines a philosphy and proc- 
ess for management of the nation’s 
marine fishery resources. The Act also is 
the basis of the institutional structure for 
marine fisheries management. 

National concerns about preservation, 
as well as accepted biological and eco- 
nomic theories, play an important role in 
fishery management decisions. What 
emerges from the decision-making proc- 
ess, however, is also influenced by insti- 
tutional organization and structure. Of 
particular importance is the interaction 
between individuals in the structure, and 
the way these individuals perceive and 
carry out their respective roles. 

The analysis will proceed as follows. 
The first section defines terms while the 
second presents a general analysis of 
what is meant by the fishery management 





ABSTRACT—The paper analyzes the 
possibility and the probability of appropri- 
ate use of fundamental economic principles 
in the fishery management plans developed 
under the Magnuson Fishery Conservation 
and Management Act. After reviewing the 
resource, industry, and government as- 
pects of the fishery management develop- 
ment process and some of the important 
aspects of both the existing law and sug- 
gested changes, it is concluded that while 
the possiblity exists, the probability is quite 
low. 
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institutional structure and describes how 
it interrelates with industry activity, and 
how this interplay determines the nature 
of actual fisheries operation. The next 
section describes the institutional struc- 
ture set up by the MFCMA, giving spe- 
cial attention to the direct and indirect 
hindrances to good management it im- 
poses. The fourth section discusses pro- 
posed changes in the system as put forth 
by Congressional amendments to the 
MFCMA and a report commissioned by 
the NOAA Administrator. The final sec- 
tion summarizes the general conclusions. 

Before going on, however, it is impor- 
tant to stress that while I am somewhat 
critical of the MFCMA and the structure 
it imposes, this does not necessarily re- 
flect on the individuals who work in the 
system. On the whole, they are working 
in a professional manner. Unfortunately, 
they are working in a system which 
sometimes encourages strategic behavior 
where what appears beneficial for one 
part or level of the system can be deleteri- 
ous for the whole and which also, di- 
rectly or indirectly, proscribes many use- 
ful approaches or actions. 

Definitions 

If this paper is to have any focus, it 
will be necessary to define what is meant 
by good management. Most biologist or 
economist fisheries professionals define 
good management as that which most 
closely meets a specified set of criteria. 
Economic criteria are concerned with the 
proper use of fish and other resources 
over time and focus on determining an 
intertemporal harvest plan wherein the 
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correct amount is caught each year giving 
appropriate attention to all related costs 
including harvest, programmatic man- 
agement, and implementation and en- 
forcement costs. Biological criteria deal 
with sustainable yields and protecting the 
stocks against depletion. Other potential 
criteria include employment levels, cul- 
tural traditions, etc. 

In practical applications, however, 
good management often is nothing more 
than something upon which all concerned 
can agree. Having a regime in place, re- 
gardless of its theoretical content or its 
potential for effective implementation, is 
sometimes seen as evidence of a success- 
ful management institution. In my view, 
this is hardly a satisfactory criteria for 
good management. Getting something in 
place can be a useful first step, but only 
if the step is in the right direction. 

Because the emphasis of this sympo- 
sium is on bridging the gap between eco- 
nomic theory and fishery management, I 
will use broadly defined economic crite- 
ria to define good management. | will 
consider the issues of can or will the gap 
between economic theory and practice be 
bridged under the MFCMA,; I will not 
however, directly address the question of 
should the gap be bridged or at least nar- 
rowed, notwithstanding my predilection 
toward answering that question in the af- 
firmative. 

To anticipate the argument to follow, 
however, the MFCMA can be judged 
completely successful only by the more 
limited criteria of ability to getting some- 
thing into place. Fishery management 
plans often are a compromise that the ma- 
jority of interests can agree on, but some- 
times they are regimes that politically as- 
tute or powerful minorities can push 
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through the system to the dismay of the 
majority. Is it possible for this system to 
produce good management by my 
broadly defined economic criteria? Per- 
haps so, but a better question is “Is it 
likely that sound economically rational 
management will be produced?” My 
view is that the answer to the latter ques- 
tion is “probably no.” 

I base my pessimistic conclusion on 
the following analysis and also on my 
somewhat limited direct experience with 
the workings of the fisheries manage- 
ment system. I recently worked with oth- 
ers at the National Marine Fisheries Serv- 
ice (NMFS) in preparing a set of 
guidelines for regulatory analysis of fish- 
eries management actions. The main goal 
of the guidelines was to insure that fish- 
ery managment plans (FMP’s) gave ap- 
propriate consideration to all aspects, but 
especially the economic aspects, of the 
national standards (see below), and other 
regulatory directives. Although most 
people I talked to would unofficially 
agree that the structure and logic of the 
guidelines was quite good, there was less 
than enthusiastic support for their imple- 
mentation. Because of the nature of the 
fishery management system, wherein the 
Councils and NMFS are sometimes ad- 
versaries, this attempt to introduce some 
basic economic principles into the man- 
agement plan development process, was 
viewed by some as another attempt to 
make the work of the Councils more dif- 
ficult and to put them even more firmly 
under the control of NMFS. Others ques- 
tion whether guidelines would be effec- 
tive in a system that is so heavily influ- 
enced by political considerations. 


The Importance of 
the Institutional Structure 
in Fisheries Management 


Simply put, the purpose of fisheries 
management is to change or otherwise 
influence the behavior of commercial and 
recreational users of the resource. To 
understand fishery management it is nec- 
essary to understand how the various be- 
havior patterns relate to the biology of the 
stock. However, a significant part of 
users’ behavior is their interaction with 
the fisheries management agencies, and 
it will be just as necessary to understand 
this as well. 
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Figure 1.—The Bioeconomic Model: What kind of regulations 
should we have? Regulation is viewed as an exogenous variable 
which can control the amount of fishing effort so as to achieve 


various objectives. 


Focusing on commercial fishing only 
to keep the discussion within bounds, 
consider first the harvesting industry as- 
pects of fisheries utilization. This can be 
described by a bioeconomic model of a 
fishery (Fig. 1). In this model, the fishing 
industry is viewed as a collection of indi- 
vidual firms or boats which react to mar- 
ket prices, input cost, and the fisheries 
production function (i.e., the relation be- 
tween fishing effort and catch) and pro- 
duce fishing effort as long as it is to their 
financial advantage to do so. Profits are 
viewed as the driving force of the whole 
system. The search for profits and avoid- 
ance of losses determine the number and 
rate of change of the vessels and the 
amount of effort produced by each. Total 
effort, in combination with the size and 
the cohort distribution of the current fish 
stock, determines the annual yield and 
the condition of the stock in the next pe- 
riod. 

Using the bioeconomic model with 
specific economic and biological as- 
sumptions, it is possible to construct de- 
tailed models which describe how fleet 
size and effort, and stock size and com- 
position will vary over time. For exam- 
ple, under certain circumstances, it is 
possible to describe an open-access equi- 
librium where the stock will not change 
because harvest is just equal to natural 
growth, and where fleet size will not 
change because profits are sufficient to 
keep existing vessels operating but not 
high enough to attract new entrants (An- 
derson, 1986: Chapter 2). Due to the 
open-access nature of the industry, the 


unowned fish resources are suboptimally 
utilized in that the value of the marginal 
or last unit of fish caught in any period 
(VMO;) is less than the value of the mar- 
ginal foregone production necessary to 
produce fishing effort (VMFP,) plus the 
marginal present value of changes in fu- 
ture production due to changes in the size 
of the existing fish stock. The latter is 
often referred to as the marginal user cost 
(MUC). 

Looked at from a different angle, the 
optimizing condition for an economically 
efficient fishery in terms is: 


VMO; = VMFP; +MUC. (1) 


The critical reader will note that Fish- 
eries Management Councils have never 
used condition (1) for an objective of any 
of their management plans. Perhaps this 
is a result of the incomplete information 
used by or made available to the decision 
makers. It is likely, however, that the 
decision makers have a fair understand- 
ing of the economic issues. It is just that 
other issues are more important. 

To better understand what lies behind 
management decision, it is useful to ex- 
pand the bioeconomic model by adding 
to it the institutional structure which de- 
velops fishery management and develop- 
ment policy. Elsewhere (Anderson, 
1982a, 1984, In press) I have called this 
expanded analysis the political bioregu- 
nomics approach. A schematic of this ap- 
proach is diagramed in Figure 2. By ne- 
cessity, Figure 2 ignores many of the 
complexities of the issues involved. The 
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Figure 2.—The Political Bioregunomics Model: What kind of regulations are we likely to have? 
Regulation is viewed as a endogenous variable which is determined by the interactions of fishermen, 
politicians, bureaucrats, and other interest groups. 


behavior of the fishing industry is still the 
driving force of the system, but in addi- 
tion to price, cost, and yield, the individ- 
ual firms also react to signals from vari- 
ous government agencies and, in some 
instances, even take steps to influence 
government activities or to moderate 
their effects. Government bureaus and 
regulatory agencies are also driving 
forces whose behavior must be under- 
stood. Indeed just as the bioeconomic ap- 
proach considers the interactions of the 
fish stock and of the industry, the politi- 
cal bioregunomic approach looks at the 
three-way interaction between fish 
stocks, industry, and government enti- 
ties. 

At the top of the institutional structure 
is the legislature. It determines man- 
dates, areas of influence, basic opera- 
tional guidelines, and, perhaps most im- 
portant of all, the budgets for the various 
agencies. Because fisheries matters are 
only a small part of the overall concern of 
legislatures, nonfisheries activities and 
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agencies must be considered since they 
are a competitor for legislative time and 
budget allocations. For example, the leg- 
islature may choose not to allocate funds 
to a research program even if it can be 
shown that it ‘would improve manage- 
ment, because in their opinion, there are 
other more important uses of the scarce 
government revenues. 

While nonfishery concerns cannot be 
ignored, the main focus should be on 
those agencies which have direct or indi- 
rect effects on fisheries utilization. For 
any level of government, these can usu- 
ally be divided into fisheries agency and 
other related agencies. In the United 
States, the latter group includes the State 
Department, which is concerned with the 
allocation of quotas to foreigners; parts of 
the Commerce Department such as the 
Small Business Administration which 
may grant loans to the fishermen; and the 
U.S. Coast Guard which has a large role 
in regulation enforcement. 

An intermediate step between the leg- 


islature and the relevant agencies is the 
former’s committee structure. Most im- 
portant decisions are made in committees 
and the mandates and budgets given to 
the various agencies can depend on the 
favor each are given in various commit- 
tees and sometimes on the particular atti- 
tudes of influential members of important 
committees. In addition, since more than 
one committee may deal with a particular 
agency, the interrelationships between 
committees is important. Also, the over- 
sight responsibilities of certain commit- 
tees can, when members so desire, have 
an important influence on the day-to-day 
activities of particular agencies (Wein- 
gast and Moran, 1983). 

The fisheries agency is obviously an 
important part of the fisheries manage- 
ment institutional structure. Given the 
budgets, mandates, and constraints im- 
posed by the legislature, its committees, 
and other related agencies, the fisheries 
agency, or more correctly, its directors 
and personnel, operate so as to achieve 
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their perceived objectives. The nature of 
these perceived objectives is very impor- 
tant but it is something about which we 
know very little. Modeling a firm’s be- 
havior is relatively easy since profits are 
a measure of its success. Since, for the 
most part, the long run return to the indi- 
vidual employee depends upon the firm’s 
success, employees will, by and large, 
operate so as to maximize the firm’s prof- 
its. There is no such straightforward 
“bottom line” in government agencies, 
however, and so it is much more difficult 
to predict how individual bureaucrats 
will operate (Wolf, 1979). In addition, 
there is often a number of international, 
Federal, regional, state, and sometimes 
even local fisheries agencies which have 
some management authority. Obviously, 
the way they interact (explicitly or im- 
plicitly) is an important part of this analy- 
sis, but one which can be quite difficult to 
understand. 

The work of the fisheries agency can 
be divided into management and non- 
management activities. Management ac- 
tivities are any programs directly related 
to the control of harvest to prevent over- 
exploitation, however defined. Nonman- 
agement activities include fisheries de- 
velopment (i.e., marketing programs, 
loan programs, etc.), product quality, 
navigational safety, etc. Although the 
latter are not directly aimed at controlling 
harvest levels, they have an effect on the 
amount of effort that will be produced 
because they can affect prices and costs 
facing individual firms. 

A management program can be 
thought of as the fixed component of 
fisheries policy. The agency can use total 
quotas, gear restrictions, taxes, individ- 
ual quotas, etc., or some combination as 
its basic regulation tool. Once the tool is 
chosen, however, there are two variable 
components. Programmatic activities in- 
clude the research and bureaucratic work 
necessary to determine how the govern- 
ing instrument will be used. For exam- 
ple, the role of these activities is to deter- 
mine the size of the quota, the nature of 
the specific gear restrictions, etc. The 
other variable component is enforcement 
or monitoring. The management program 
will have no effect on the behavior of the 
industry and hence, no effect on stock 
utilization unless there is an incentive for 
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industry compliance in the form of 
penalties for noncompliance. 

The expansion of the analysis to in- 
clude the institutional structure makes 
regulation (i.e., those activities which 
modify the activities of the firms) an 
endogenous variable of the model. The 
actual amount of regulation produced de- 
pends upon the net effect of nonmanage- 
ment and management activities, and the 
latter depends critically on the variable 
components of policy (i.e., program- 
matic activities and enforcement). 

The political bioregunomics approach 
also allows for other industry activities. 
First, firms can form interest groups to 
lobby fisheries agencies and the legisla- 
ture to modify the regulation producing 
process to their advantage. In some in- 
stances these lobbying groups will have 
common interests, as would be the case 
in legislative budgetary debates between 
fisheries-related agencies and nonfish- 
eries agencies. Frequently, however, the 
lobbying groups may have conflicting in- 
terests (i.e., inshore vs. offshore inter- 
ests, etc.). In this regard, the industry 
must be expanded to include processors 
which can be motivated to lobby for both 
management and nonmanagement pro- 
grams either in support of or in opposi- 
tion to the interests of the harvesting sec- 
tor. The relationship between the 
processing and the harvesting sectors is a 
topic that has received scant attention in 
the bioeconomic models, but it is obvi- 
ously an important item in the under- 
standing of how the management institu- 
tional structure actually works. 

Individual firms may also find it to 
their advantage to engage in avoidance 
activities to reduce the effects of regula- 
tion (Anderson and Lee, 1986). If returns 
from using resources to evade regulations 
are greater than the expected costs, at 
least some firms will likely do so. This 
behavior is important for two reasons. 
First, the avoidance costs will be a waste 
of resources and second, it will affect the 
way regulation actually modifies fishing 
behavior. 

An advantage of this broader approach 
to understanding fisheries utilization is 
the recognition of other types of manage- 
ment costs. The basic thrust of the bioe- 
conomic approach is to compare the dif- 
ference between the open access and the 





economically optimal utilization of the 
fishery. In terms of the political bioregu- 
nomic approach, open-access becomes 
almost irrelevant. The focus of interest is 
the regulated equilibrium. That is, how 
will the fishery operate, given the types 
and amounts of regulation produced. 
Also the optimal utilization of the fish- 
eries is more complicated. In addition to 
the cost of producing effort and the mar- 
ginal user cost, the cost of lobbying and 
regulation avoidance to the industry, and 
the programmatic and enforcement costs 
of the agencies must be considered. To 
be precise, the efficient output point is 
where the value of the marginal output of 
fish is equal to marginal user cost plus the 
sum of the values of the foregone produc- 
tion from producing effort, lobbying, and 
avoiding regulation and instituting and 
monitoring management policy. 

The obvious question that follows is 
how can the institutional and industry 
structures be changed so as to increase 
the likelihood of having the regulated 
equilibrium coincide with the expanded 
version of optimal utilization. In addi- 
tion, however, the question of what types 
of regulation are optimal must be re- 
formulated to consider the effects of var- 
ious regulations on those costs related to 
activities other than producing effort. For 
example, lobbying costs may be a func- 
tion of the ease of access of lobbyists into 
the halls of power and the flexibility 
given to individual administrators. If 
there is little flexibility, the returns to 
lobbying will be low and hence lobbying 
expenses will be low. High flexibility 
programs, on the other hand, may en- 
courage lobbying. Similarly, certain pro- 
grams may be easier to enforce than oth- 
ers and hence monitoring costs will be 
lower, and avoidance costs may be lower 
as well because the returns to evasion 
will be low. 

Using the political bioregunomic ap- 
proach to view the system as a whole, the 
actors interact as follows. The firms pro- 
duce output so as to maximize profits 
subject to the constraints of market 
prices, costs, fish availability, nonman- 
agement government intervention, and 
the type and enforcement level of man- 
agement regulations. They also form 
groups to lobby the fishery agency and 
legislature. The agency (or agencies) 
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produce management and nonmanage- 
ment regulation and enforcement activi- 
ties, according to their view of what is 
good for the stock, the industry, and their 
absolute and relative position in the bu- 
reaucratic hierarchy, taking into account 
the lobbying pressure of the firms, and 
subject to the constraints of the budgets 
and operational guidelines. The legisla- 
ture determines the size of the agency 
budget and its general operational guide- 
lines subject to the constraints of the con- 
stitution, the overall government budget, 
the relative importance of other govern- 
ment activities, and political realities. 

To understand what kind of fisheries 
management will be produced by the in- 
stitutional structure set up by the 
MFCMA, it is necessary to view this 
structure in terms of the above frame- 
work. This will be the subject of the next 
section, which draws heavily on a previ- 
ous work of the author (Anderson, 
1982b). 


Current Management 
Institutions Under MFCMA 


The main purpose of the MFCMA can 
be summarized by the National Standards 
found in the act: 


Conservation and management measures 
shall prevent over-fishing while achieving, 
on a continuing basis, the optimum yield. . 
. .The term “optimum” with respect to the 
yield from any fishery means the amount of 
fish—(A) which will provide the greatest 
overall benefit to the nation with particular 
reference to food production and recre- 
ational opportunities and (B) which is pre- 
scribed as such on the basis of maximum 
sustainable yield from such fishery as mod- 
ified by any relevant economic, social, or 
ecological factor. 

Conservation and management measures 
shall, where practicable, promote effi- 
ciency in the utilization of fishery resources 
except that no such measure shall have eco- 
nomic allocation as its sole purpose. 

Conservation and management measures 
shall, where practicable, minimize costs 
and avoid unnecessary duplications. 

To the extent practical . . . interrelated 
stocks of fish shall be managed as a unit or 
in close coordination. 


The first two of these national stand- 
ards appears to establish economic effi- 
ciency as an important objective of fish- 
eries management in the United States. 
However, the phrase “where practicable” 
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certainly has the potential of weakening 
this objective, depending upon its inter- 
pretation. Therefore, my rigid criteria for 
what constitutes good management has 
some basis in the MFCMA itself. 

As the law was written, the difference 
between “optimal yield” and the ex- 
pected domestic annual harvest of each 
species or group of species was to be 
made available by the State Department 
to foreign nations who had traditionally 
harvested that species and who met cer- 
tain requirements. However, these for- 
eign boats were required to pay certain 
vessel fees, and “poundage” taxes on 
their allowable catch. There have been 
subsequent changes in the law that re- 
quire domestic processing capacity to be 
utilized before turning to foreign proces- 
sors (regardless of the relative costs of 
the two) and provisions have also been 
made for eventually phasing out foreign 
fishing when there are specified increases 
in domestic capacity. 

The most important operational ele- 
ments of the MFCMA are the eight re- 
gional Fisheries Management Councils, 
which prepare management plans speci- 
fying how much of each species will be 
caught and determining, directly or indi- 
rectly, by whom. 

Each Council has the responsibility of 
managing the species within its geo- 
graphical area, but where species are im- 
portant in two or more areas, they are 
jointly managed by the respective Coun- 
cils, although one may be designated as 
the lead Council. While they are impor- 
tant, the Councils are only one part of a 
complex management system set up by 
the MFCMA, which also includes the 
National Marine Fisheries Service, the 
Departments of Commerce and State, 
and the U.S. Coast Guard. The role of 
each of these other agencies, and a de- 
scription of how they interact with each 
other and with the Councils will be dis- 
cussed below. For the moment, we will 
focus on the role of the Councils. 

About half of the Council members are 
the secretaries for natural resources (or 
the equivalent) in the states in the particu- 
lar region, along with the regional direc- 
tor of the National Marine Fisheries Serv- 
ice of the Commerce Department’s 
National Oceanic and Atmospheric Ad- 
ministration. The other half are “know- 


ledgeable or experienced members of the 
public” who are nominated by the gover- 
nors of each member state and selected 
by the Secretary of Commerce. In addi- 
tion, individuals from the U.S. Coast 
Guard and the Department of State are 
nonvoting members of the Councils. 
Since the number of states in each region 
is not equal, Council membership varies 
between eight and sixteen people. 

The makeup of the Councils is obvi- 
ously quite important in determining 
what kinds of plans are developed. It is, 
therefore, interesting that the public 
members have predominantly been rep- 
resentatives of harvesters, processors, 
distributors, or some other aspect of the 
fishing industry. Individuals who might 
represent other or more general inter- 
ests—consumer advocates, professional 
biologists, economists, or recreational 
fisheries, or planners, for example— 
have certainly been in the minority. 

The main work of the Councils is done 
by a full-time professional staff consist- 
ing of an executive director and others 
with training in biology, law, planning, 
and economics. The Councils usually 
meet every 4-6 weeks for 2-3 days, under 
the direction of a chairperson elected 
from their midst, to review and approve 
the work done by the staff, to discuss 
future activities, and to vote on policy 
issues. 

Each Council has a Scientific and 
Statistical Committee, a voluntary orga- 
nization, composed of academic and 
government fisheries management scien- 
tists including biologists, economists, so- 
ciologists and anthropologists, and plan- 
ners. The purpose of this committee is to 
provide technical advice. In addition, 
they can have voluntary industry advi- 
sory boards comprised of industry partic- 
ipants to provide practical advice on how 
various regulations will affect them, both 
as a unit and each component part. 

Although each Council has the same 
organizational structure, they often differ 
widely in the way they operate. For ex- 
ample, Councils have in the past issued 
contracts to consulting firms or universi- 
ties to write the plans. Others set up spe- 
cial task forces consisting of Council 
members, scientific and statistical com- 
mittee members, industry representa- 
tives, and NMFS and Council staff peo- 
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ple to write the plan. In some Councils 
the staff has primary responsibility for 
writing plans. Finally, some Councils ac- 
tually write important sections of their 
plans during regular Council meetings. 
The result is that the plans prepared by 
the Councils have sometimes been quite 
different. 

However it is developed, each fishery 
management plan must be discussed in 
open public meetings and must be pub- 
lished in the Federal Register. The 
Council must respond in writing to any 
written comments that result, and often 
does so in an appendix to the final plan. 
It should come as no surprise that these 
comments come almost exclusively from 
representatives of the industry. Industry 
people have more to gain from the costs 
of preparing such formal comments, 
since a specific proposal could signifi- 
cantly affect their profits. By contrast, 
isolated individuals may gain very little 
from advocating economic efficiency 
even though the gains to the whole econ- 
omy are quite large. 

After the public hearing process, the 
plan must be approved, technically, by 
the Secretary of Commerce, but for all 
practical purposes, by the National 
Marine Fisheries Service. Before going 
back and discussing the plan preparation 
process in more detail, it will prove use- 
ful to explain exactly how NMFS and 
other agencies fit into the system. 

The National Marine Fisheries Service 
has a double role. First it is the source of 
most of the biological and economic in- 
formation used to produce the plans. This 
has sometimes been a source of conflict 
for a number of reasons. The Councils 
complain that they are not provided with 
the right types of data in a manner in 
which it can be of direct use. NMFS re- 
sponds that they are providing the best 
data they can, given the state of biologi- 
cal and economic research, and of their 
existing personnel and budget constraints 
and the other research tasks they are obli- 
gated to perform. Sometimes when sci- 
entific biological data is apparently at 
odds with industry observation, there is 
pressure on NMFS to reassess their 
stand. When the Councils try to increase 
their biological staffs, it is sometimes 
viewed by NMFS, at worst, as a way to 
either bend the data, or at best, as a way 
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to take over some of the responsibility 
which they believe rightfully belongs to 
them. 

The other role for NMFS is to approve 
the plans prepared by the Councils. As 
can be imagined this causes a consider- 
able amount of friction between two or- 
ganizations. In some instances under- 
standing the institutional aspects of the 
approval process is even more difficult 
than it appears on the surface because of 
the presence of other players who are not 
actually on the formal program. The 
staffs of the NMFS regional and research 
center offices often work quite closely 
with Councils and Council staffs in the 
preparation of management plans. Indeed 
the Regional Director is a member of all 
of the Councils in his area. Because of 
this familiarity with the details of all the 
issues, and quite frankly, with the per- 
sonality and preferences of the Council 
members, staff members, and industry 
representatives as well, there is a certain 
amount of internal pressure for approval 
by the National Office of NMFS from its 
field offices. When approval doesn’t 
come, the Council and industry see 
NMFS as an agency with different con- 
flicting points of view. 

Another important player in the man- 
agement development process is the Con- 
gress of the United States. Admittedly, 
its most visible role in the whole system, 
now that the law is in place, is to allocate 
annual budgets. However, the MFCMA 
has been amended many times in its 
10 year life and has been going through 
an extensive Congressional review as 
part of the 10 year reauthorization proc- 
ess. In addition to these efforts with re- 
spect to the framework of the system, 
Congress sometimes also has some direct 
input in the plan approval process. As a 
plan is developed at the Council level and 
then forwarded to the latter for approval, 
individuals who will be hurt by the 
specific regulations, or who would be 
better off under different regulations, 
have plenty of time to see their relative 
positions under different types of 
schemes and to make their view known. 
(In fact, it may be argued that such access 
is too freely available.) However, the in- 
centives to change the plan do not halt 
with final approval or disapproval from 
NMFS. Industry representatives have 





been known to go directly to their legisla- 
tors if the approval process has gone or 
appears to be going the wrong way. It is 
not possible to cite specific examples, for 
obvious reasons, but occurrences are 
such common subjects of complaint at 
many fisheries management conferences 
(e.g., Frady, 1985) that even if they 
don’t occur (which is highly unlikely) the 
very fact that they are perceived to occur 
has an effect on the operations of other 
parts of the system. 

The states are also another important 
part of the system. Since they have con- 
trol of fisheries out to 3 miles, their coop- 
eration on stocks that can be harvested on 
both sides of that line is crucial. If they 
do not work closely on such things as 
enforcement and data collection, the 
chances of good management are quite 
small. There is a feeling, however, espe- 
cially in the Gulf states, that the states 
can do a better job independent from the 
cumbersome Council system. This obvi- 
ously has an effect on the way they will 
work with the Council system because if 
it fails, the revised system may give them 
full control. 

Fisheries management plans are en- 
forced jointly by a branch of the National 
Marine Fisheries Service and U.S. Coast 
Guard. Since the latter has many other 
responsibilities, an important part of pro- 
ducing good management is inducing the 
Coast Guard to act in a coordinated way 
with NMFS and not allow emphasis on 
other activities to crowd out the time re- 
quired for at-sea enforcement. 

While these paragraphs can only pro- 
vide a brief outline of some of the nu- 
ances of the entire system, it should be 
obvious that the institutional structure is a 
complex one indeed, and as will be seen 
below, these complexities will have im- 
plications of the types of policies that will 
actually be produced. 

Returning now to the actual operation 
of the Councils, each one has the respon- 
sibility of preparing annual, biennial, or 
even permanent framework plans for the 
species under its control. Even after 
10 years, none of the Councils have com- 
pleted plans for all the species under their 
jurisdictions. The workload of the Coun- 
cils is substantial and all are revising their 
existing plans and developing others. 

On the surface, most Councils use the 
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following procedure for developing fish- 
ery management plans. First, the objec- 
tives for management are determined. 
Within the constraints set by the National 
Standards and various operational guide- 
lines produced by the National Marine 
Fisheries Service, the Councils can 
choose any objective they feel appropri- 
ate for the fishery involved and the par- 
ticular problems it faces. The real prob- 
lem is specifying objectives that have 
operational significance (a goal to 
“improve the fishery” is not of much use 
in choosing among specific management 
techniques). If there are conflicting ob- 
jectives, the Council must place relative 
weights on them so appropriate tradeoffs 
can be made. 

The next step is to identify a set of 
alternative plans which will specify opti- 
mal yield and identify how the harvest 
will be limited to that level. Finally, the 
plan which most nearly achieves the 
stated objectives is selected. If the objec- 
tives are reasonable, if the range of alter- 
natives considered is broad and imagina- 
tive, and if the analysis used to compare 
the alternative plans and the objectives is 
correctly done, a suitable management 
plan will result. 

In all fairness to the Councils, it must 
be noted that while the above procedure 
is easy enough to explain, it is often most 
difficult to apply in practice. There is 
often a lack of critical data (in some in- 
stances there are no data at all), and even 
where it exists, budget, time, and man- 
power constraints make it very difficult 
to perform the above procedure in a per- 
fect way. 

In reality, of course, the system does 
not operate this straightforwardly. One 
sometimes gets the feeling that a particu- 
lar plan is chosen in advance and that the 
desired yield, objectives, and other com- 
ponents are then selected to ensure that 
the favored alternative emerges victori- 
ous. This is especially. true when the pur- 
suit of one objective—say efficiency— 
might impose job losses or other 
distributional problems on certain parts 
of the fleet. With respect to the tradeoff 
between economic efficiency and distri- 
butional issues, the latter implicitly ap- 
pear to be more important, as one would 
expect given the influence of industry 
representatives in the planning process. 
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Another reason why the above proce- 
dure is not followed as rigorously as need 
be is the bureaucratic motivation of the 
main agencies in the management sys- 
tem. For instance, one reason for reject- 
ing an economic efficiency objective is 
that according to the MFCMA and 
NMFS procedures, a main criterion for 
plan approval is how well the selected 
management policy achieves the stated 
objectives. Therefore, why include an ef- 
ficiency objective when it can be difficult 
to judge different options against it? The 
business of the Council is to produce 
plans and thus they are loath to do some- 
thing that will make their job more diffi- 
cult. 

Also, since it is industry that is most 
likely to protest, there is a tendency for 
the plans to be written so as to minimize 
potential complaints, lawsuits, and other 
procedures that can make the work of the 
Councils more burdensome and increase 
the probability of a negative review from 
NMFS. Therefore, economic efficiency 
and other important management issues 
which are of little concern to those likely 
to complain may not receive appropriate 
consideration. 

On the other hand, NMFS appears to 
have taken the position that as long as the 
plans meet the stated objectives and un- 
less they blatantly violate one of the Na- 
tional Standards, the plan will be ap- 
proved. It is unlikely that a plan will be 
disapproved on grounds of inadequate 
objectives. NMFS too is in the business 
of producing plans and they do not want 
to stand in the way of implementation, 
especially over issues concerning income 
distribution or other politically sensitive 
topics. This is an important point. Secre- 
tarial approval of plans does provide the 
opportunity for consistency and also can 
ensure that purely regional interests do 
not prevail in fisheries policy. If, in fact, 
the review system is lax in this regard, 
some of the potential benefits of the 
MFCMA will be lost. 

While NMFS has been reluctant to re- 
fuse approval because of inadequate con- 
sideration of efficiency, it frequently dis- 
approves plans because of procedural 
issues. This has created animosity be- 
tween the Councils and NMFS, with the 
former sometimes accusing the latter of 
trying to regain some of the preeminence 


it lost with the passage of the MFCMA. 
NMFS counters such arguments by em- 
phasizing that rejections on procedural 
grounds are appropriate because they will 
prevent potential lawsuits. This ill will 
can certainly affect the smooth operation 
of the system. In addition, these rejec- 
tions have caused the Councils to be even 
more concerned with the necessity of 
preparing plans that will be approved and 
hence they are less willing to look at eco- 
nomic efficiency matters. 

For someone not familiar with the 
MFCMaA, the above discussion is proba- 
bly very bewildering. The process of de- 
veloping fisheries management in the 
United States is very complex, and it is 
very difficult to describe the formal 
chains of command and to provide a feel 
for the informal structure that is built 
around it. On the other hand, individuals 
who have worked closely with the system 
may feel that the picture is far from com- 
plete. As bewildering as the described 
system may appear, the reality is often 
another step beyond. 

To some degree, my failure to capture 
all of the system was a matter of choice. 
I felt the constraints of space and there- 
fore only covered the more prominent 
parts of the system. However, some of 
the failure was due to a lack of complete 
information. I make no claim to knowing 
all there is to know about the system. One 
would have to work full time at all levels 
in order to obtain such expertise. Further, 
since each of the Councils act differently 
within a different set of state govern- 
ments trying to manage species of differ- 
ent types and different biological and 
economic complexities, knowing how 
the system works within one Council or 
on one coast, would not necessarily mean 
knowing how things work elsewhere. 
However, while the discussion may not 
have provided a complete and general 
analysis of the way things work, I believe 
it does describe the rudiments of the op- 
eration and provide a feel for the com- 
plexities involved. 

To summarize, the fisheries manage- 
ment institutional structure as set up by 
the MFCMA, the operational guidelines, 
and formal and informal standard operat- 
ing procedures is not very conducive to 
introducing economic efficiency reason- 
ing into management plans. Ther. are too 
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many places where individuals, groups, 
or agencies can step in and stop, slow 
down, or reroute the process if it does not 
appear to be producing results favorable 
to a particular point of view. Many can 
hinder progress, but no one is held ac- 
countable for not achieving it. A process 
that has so many bosses that no one is 
really in charge is almost certainly 
doomed to failure. On the other hand, a 
juggernaut which rammed things through 
giving no attention to divergent views 
would be also unlikely to prove success- 
ful. To correct these faults, it will be nec- 
essary to assign accountability for suc- 
cess to a single source, while at the same 
time granting it sufficient latitude and re- 
sources to do the job. It will also be nec- 
essary to maintain public review and 
comment procedures to insure that all 
views and positions can be utilized in 
making the final decision. 


Proposed Changes 
in the System 


The 10-Year Reauthorization 


As part of the 10 year reauthorization 
of the MFCMA, there are numerous sug- 
gested changes to the act which have ap- 
peared as formal legislation to amend the 
act. In addition, a “Blue Ribbon Panel” 
appointed by the Administrator of 
NOAA has just released a report on ways 
to improve the management system set 
up by the MFCMA. The purpose of this 
section will be to evaluate these proposed 
changes in terms of their ability to im- 
prove the likelihood of the system to pro- 
duce good management. 

Some of the proposed changes con- 
tained in the legislation now before Con- 
gress can have significant effects on the 
way the whole system works. Rather than 
discuss each of the specific bills, the 
analysis will focus, instead, on specific 
changes, some of which are found in 
more than one bill. 

Several of the amendments directly ad- 
dress the interests and the qualifications 
of prospective Council members. One 
changes the qualification criteria from 
“knowledgeable or experienced” to 
“knowledgeable and experienced” and in 
addition requires that members provide a 
written statement of their current finan- 
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cial interests in the commercial and recre- 
ational sector of the fishing industry 
which will be made available to the pub- 
lic at each Council meeting. Another re- 
quires that when making Council ap- 
pointments, it shall be necessary to 
“ensure a fair apportionment, on a rotat- 
ing or other basis, of the active partici- 
pants (or their representatives) involved 
in the fisheries under Council jurisdic- 
tion.” Another would require a represen- 
tative number of commercial and recre- 
ational fishermen including at least one 
practicing commercial fisherman. 

In an early critique of the make up of 
Councils, Pontecorvo (1977) provided 
the following quote from Adam Smith 
(1776:128). 


“People of the same trade seldom meet 
together, even for merriment and diver- 
sion, but the conversation ends in a con- 
spiracy against the public, or in some con- 
trivance to raise prices. It is impossible 
indeed to prevent such meetings, by any 
law which either could be executed, or 
would be consistent with liberty and jus- 
tice. But though the law cannot hinder peo- 
ple of the same trade from sometimes as- 
sembling together, it ought to do nothing to 
facilitate such assemblies much less to ren- 
der them necessary.” 


It is useful to interpret the motivation 
behind the above amendments in the 
framework of this quote, although there 
are, admittedly, other relevant issues 
here as well. The MFCMA does more 
than bring people from the same trade 
together, it gives them significant power 
in determining how the industry will be 
operated. There is a delicate balance 
here, however. Successful management 
requires extensive amounts of data, a 
great deal of which can be most easily 
supplied by industry participants, as well 
as, at least, the begrudged consent of 
those being regulated. Therefore there 
are good reasons for industry to have, at 
least, a strong advisory role, and given 
the nature of the whole system, some 
minimum number of voting members on 
the council. 

As indicated above, my view is that 
one of the weaknesses of the present law 
is the strength of the overall industry in- 
terest group. The goal of most of the 
above changes, however, would be to in- 
crease that strength. Making knowledge- 





ability and experience a requirement for 
Council membership sounds fine at the 
surface, but if experience is interpreted to 
be experience in the industry, it will pre- 
vent academics, and those with recre- 
ational and consumer expertise from par- 
ticipating. Further, while the financial 
disclosure requirement may provide 
some relief against votes that are clearly 
in one’s own business interest, there are 
no proscriptions against potential conflict 
of interest voting. 

Although there is definitely a pro- 
industry flavor to these suggestions, 
many of them may have evolved from 
intra-industry conflicts, both recreational 
vs. commercial sectors, as well as be- 
tween different parts of the commercial 
fishery. Each wants to insure that their 
interests are adequately represented. 

In general then, there is little hope that 
these particular changes will improve the 
system. In one sense they may be viewed 
as another round of interest group bicker- 
ing, although at a higher level, that has 
already been identified as an endemic 
failure of the system. If the system was 
focused on issues of real concern to ac- 
tual management, we would not have to 
waste time on these points, but given 
what the system is, it is not hard to see 
why participants are pressing these issues 
rather hard. However, there is little hope 
that strengthening the absolute power of 
industry on the Councils will do anything 
other than focus even more attention on 
distributional issues rather than on the 
hard but necessary choices of how to re- 
strict effort on overutilized resources. 
The suggestion of rotating industry sector 
representation on the Council may be 
useful in preventing over-representation 
of particular interests, but it is flawed be- 
cause it legitimizes bickering over distri- 
butional gains. 

Other parts of the proposed amend- 
ments address the conflict between for- 
eign and domestic utilization of the fish 
stocks of our shores. The current batch of 
amendments is a continuation of a trend 
in past changes in the MFCMA to phase 
out all aspects of foreign fishing and to 
develop a 100 percent U.S. harvesting 
and processing industry. This is a more 
difficult issue to evaluate, and there are at 
least two aspects that should be consid- 
ered. First, there is the overall economic 
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rationale for complete domestic utiliza- 
tion. Second, there is the potential effect 
of too much attention being paid to who 
catches the fish as opposed to other more 
important management issues. 

From an economic efficiency point of 
view, there are reasons to question a pure 
domestic industry policy. If U.S. har- 
vesters and processors really have a com- 
parative advantage in utilizing the fish in 
the conservation zone, the most they 
would require is a short period of protec- 
tion in which to learn the most suitable 
techniques and to gain access to the ap- 
propriate markets. Forcing the foreigners 
out when they are more efficient har- 
vesters or processors could be to the 
long-run detriment of the general U.S. 
economy. In that situation it would be 
better to charge the foreigners an appro- 
priate market price for access to our zone 
and then use our labor and capital re- 
sources where they can be more produc- 
tive. The U.S. economy would then have 
foreign exchange with which to import 
goods and services, and the value of the 
production of our own resources. 

With respect to the second issue, note 
that every regulation program has distri- 
butional aspects. Quotas sometimes ben- 
efit those parts of the fleet which are able 
to get out early in the season, gear restric- 
tions place a significant relative disad- 
vantage on those individuals who are 
skilled in the prohibited activities. As 
such there will be built-in support and 
opposition factions for most regulations. 
The potential for disagreement will hin- 
der the approval and implementation of 
such regulations. However, the “Ameri- 
canization” policy brings the distribution 
issues straight to the surface and makes 
them part and parcel of the plan develop- 
ment process. Therefore, a difficult prob- 
lem is made even harder. This is espe- 
cially the case since Americanization of 
processing can hurt domestic harvesting 
by shutting off a potential range of buyers 
and hence lowering aggregate demand 
for their product. The fisheries plan de- 
velopment process is restricted in the 
types of things it can do, and some of the 
things it must do will have a tendency to 
cause dissension among parts of the in- 
dustry. In a very real sense then, by the 
very nature of the law, the focus of man- 
agement, from the top to the bottom of 
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the system, will be shifted, more than it 
would otherwise, from the real issue of 
controlling effort to the distributional 
question of whose effort will be con- 
trolled. 

Several of the proposed amendments 
deal with the prospects of implementing 
limited entry or limited access programs. 
One would change the law so that 
specific fees could be levied over and 
above the actual cost of operating the 
management program and further that 
these monies could be used to set up a 
dislocation compensation fund. The pur- 
pose of the fund would be to compensate 
fishermen for the loss or reduction of 
livelihood that may result from the imple- 
mentation of limited entry program. This 
would obviously increase the chances of 
such regulation because it would reduce 
political opposition by potential losers. 

Another proposed change would pro- 
hibit the implementation of limited entry 
programs (something that has been possi- 
ble under the law since its inception) un- 
less it was approved by not less than 
three-fourths of the voting members of 
the Council and by at least two-thirds of 
the fishermen presently participating in 
that fishery. This would obviously de- 
crease the probability of passage. No 
other type of regulation or Council action 
requires such strict stipulations where 
such a small minority can prevent action. 

A final change would prohibit the sale 
of any permits, shares, or rights granted 
to fishermen under a limited access sys- 
tem. Since transferability is crucial to 
achieving the full advantages of individ- 
ual transferable quota or similar limited 
entry program, this change will obvi- 
ously negatively impact on the ability of 
the MFCMA to achieve good economic 
management. 

On the whole, if all three of these 
changes are accepted, the probability of 
bridging the gap between solid economic 
theory and practical fisheries manage- 
ment will have been reduced. The vote 
provisions will likely overpower the po- 
tential for the compensation fund, and the 
prohibition on transferability would dras- 
tically reduce the usefulness of any lim- 
ited entry program that did get approved. 
On the other hand if only the tax and 
compensation fund provision is passed, 
the gap will have been narrowed. 


NOAA Fishery 
Management Study 


Several months ago the NOAA Ad- 
ministrator commissioned an extensive 
“Blue Ribbon Panel” study on the work- 
ings of the fisheries management system 
in the United States, and the first report 
was issued on 30 June 1986 (NOAA, 
1986). One of the panel’s objectives was 
to evaluate existing and potential institu- 
tional arrangements and management 
strategies according to their ability to best 
achieve the goals of marine fisheries 
management. Although the iatroductory 
prose in the report gives little or no atten- 
tion to the economic aspects of fisheries 
management per se, the panel does state 
that a goal of their effort is to achieve 
management which is as responsible, ef- 
fective, efficient, and economical as pos- 
sible. They make many specific recom- 
mendations as to how to improve the 
system and it will prove useful to discuss 
many of them in detail. 

The dominant theme of the entire re- 
port is the need to make a clear separation 
between what it calls “conservation” and 
“allocation” decisions. According to the 
report, conservation decisions are meant 
to maintain resource productivity for fu- 
ture generations, while allocation deci- 
sions basically distribute the opportunity 
to participate in a fishery. The panel 
argues that when these decisions are 
made simultaneously, there is a tendency 
to focus too much on allocation as a result 
of industry pressure to keep current catch 
levels high. As a result, conservation is- 
sues are put aside or ignored, and the 
stocks are often placed in danger. 

As a solution, the panel recommends 
that NOAA, through the auspices of the 
National Marine Fisheries Service, set an 
“allowable biological catch” (ABC) for 
each fishery in the country based on the 
best scientific information currently 
available. These catch levels would be 
inviolable for the period for which they 
are established. The role of the Councils, 
according to the panel, would be to pre- 
pare management measures to allocate a 
harvest level equal to or less than the 
ABC among potential participants in the 
fishery. 

While the basic point about pressures 
from the allocation decision having a ten- 
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dency to push conservation issues aside is 
only too true, the separation of the two 
decisions is not as neat as the panel might 
have one believe. In making such a sharp 
distinction, the panel ignores many bio- 
logical, economic, and political aspects 
of management. Dichotomizing all of 
fisheries management into conservation 
and allocation is a gross simplification 
that could lead to serious problems in the 
construction and implementation of fish- 
ery management plans, and more impor- 
tantly in the optimal utilization of the 
stocks for which they are designed. 

In the first place, the conservation 
question (i.e., how much should be har- 
vested this year and how much should be 
left to grow and reproduce) has economic 
and social components as well as the ob- 
vious biological one. The economic liter- 
ature is replete with many theoretical and 
empirical articles on the optimal use 
through time of both nonrenewable and 
renewable resources (Clark, 1976; 
Fisher, 1981). With respect to renewable 
resources, the optimal harvest path is a 
function of the value in use through time, 
harvesting and processing cost through 
time, the discount rate, and the size and 
net growth rate of the stock through time. 
Therefore, the determination of how 
much to catch in the next few periods is 
considerably more complicated than a bi- 
ological calculation of how much can be 
safely harvested. Since who does the har- 
vesting (i.e., the solution to the alloca- 
tion decision) affects the value in use and 
harvesting and processing costs, the link 
between conservation (how much should 
be harvested each year) and allocation is 
quite clear. 

The joint relationship between what 
the panel calls conservation and alloca- 
tion can be purely economic, purely bio- 
logical, or some combination of the two. 
Consider first a pure economic interrela- 
tionship. Whether to catch more this year 
or postpone harvest until next year is, in 
part, determined by the relative values of 
the harvest in the different time periods. 
To take an extreme case, if the decision 
to harvest now is based on a high value 
fresh home consumption use but the allo- 
cation decision puts harvesting in the in- 
dustrial sector, then the rationale for 
present use may be lost. The value of 
current catch in that use is less than can 
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be obtained from postponing the harvest. 

There can be a joint biological rela- 
tionship because of differences in by- 
catch rates. If the decision to harvest 
100 tons of X and 50 tons of Y is based 
on a low by-catch rate of Y with X using 
une type of gear, but the allocation deci- 
sion allows most of the harvest by an- 
other gear with a higher by-catch rate, the 
ABC of species Y will be surpassed. Al- 
though these examples are quite simple, 
they demonstrate the point quite clearly. 
The conservation and allocation deci- 
sions simply cannot be separated. 

Even if one ignores the fundamental 
link between the two questions, the prob- 
lems of biological variability and deter- 
mining the desired rate of the change in 
stock size raise other important issues 
with this artificial dichotomy. Expecting 
biologists to come up with a single num- 
ber for an ABC is, quite simply, asking 
for more than they have, or are likely to 
have, the capability to do. Even if the 
goal is to keep a constant stock, given the 
uncertain knowledge of recruitment, nat- 
ural mortality, and individual growth, 
and how catch and discards can be trans- 
lated into fishing mortality, the best that 
can be done will be to produce a range of 
catches that will likely not change stock 
size. In some cases, it may be possible to 
estimate a probability of success to each 
catch size in the range. 

If this is the best that can be done from 
a biological point of view, then perhaps 
the Councils should be given more than 
just allocative authority. With these un- 
certainties, there is a trade-off between 
harvest level and success in maintaining 
stock size. Further, since resolving it in- 
volves the range of social, economic, and 
cultural aspects of management, one 
might argue that the Councils are the 
proper place to address it. Let NMFS pre- 
pare the range and then let the Councils 
decide where along it the actual allow- 
able harvest should be. The council can 
take the assigned probabilities of success 
into account so as to have a basis for 
trading off a lowered probability of main- 
taining the stock size next year and the 
probable extent of the potential error 
against the benefits from increased har- 
vest this year. 

The issue is even more complex when 
it is clear that increases in stock size are 





necessary or desirable. There will cer- 
tainly be some trade-offs between the rate 
at which the stock is augmented and the 
achievement of other important fishery 
management objectives. It is hard to see 
how a decision on these trade-offs can 
easily be made in terms of the conserva- 
tion and allocation dichotomy. One way 
to get around the problem would be to Ict 
the Council specify the growth path it 
desires and then NMFS can provide an 
estimate of the range of catch limits and 
associated success probabilities that will 
likely achieve that path. 

The panel has identified a significant 
problem that occurs all too often in both 
national and international management 
organizations the world over, the Fishery 
Management Councils being no excep- 
tion. Allocation issues can become so 
pervasive that conservation issues are 
pushed to the background. However, for 
the reasons discussed above, the sug- 
gested cure may be worse than the prob- 
lem itself. Perhaps a better way to solve 
it would be to take a broader vision of 
what is really involved in producing good 
management. The panel seems to think 
that the essence of management can be 
stated in terms of two questions: 1) How 
much should be caught? and 2) Who 
should catch it? 

Using this view and their suggested 
separation of authority, each Council is 
transformed into little more than a harried 
referee in a “battle royal” of all potential 
harvesters. Their chances of success are 
probably about the same as a single ref- 
eree in a free-for-all with ten professional 
wrestlers. To be fair to the panel, I’m 
sure they envision a more significant role 
for the Councils, but with the emphasis 
on allocation, it is sometimes difficult to 
discern just what that role is expected to 
be. I strongly suspect, however, that the 
original authors of the MFCMA and the 
current members of the U.S. Congress 
expect more from the Councils than 
merely acting as organizations with the 
authority to cut up the fisheries pie. 

I would propose a slightly modified 
version of the essence of management. 
Instead of two, I would use the following 
three questions: 1) How much should be 
caught? 2) How should it be caught? and 
3) Who should catch it? 

Because the National Standards man- 
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date efficiency in the utilization of fish- 
ery resources, the second question must 
be an integral part of a fisheries manage- 
ment plan. The Council must give con- 
sideration to the cost of harvesting fish, 
and, where practicable, give precedence 
to more efficient means of harvest. 

Using a strictly economic point of 
view, the answer to these three questions 
are simultaneously determined by the so- 
lution of the economically efficient har- 
vest time path. But given the difficulty of 
determining that solution, and in the in- 
terest of solving real-world fisheries 
management problems, including the one 
posed by NOAA’s Blue Ribbon Panel, 
they can easily and quite rationally be 
looked at sequentially. 

Once an ABC is specified, it is then 
necessary to determine with what gear, at 
what location, and at what time the fish 
should be harvested. Given the emphasis 
in the National Standards, consideration 
must be given to that harvesting approach 
that will produce that overall harvest as 
efficiently as possible, taking implemen- 
tation and enforcement costs into ac- 
count. Unless all industry participants 
use the same gear and can operate in an 
identical manner, the question of how the 
ABC should be caught will provide some 
preliminary answers to, or at least some 
important information on, the question of 
“who should catch it?”. 

If the Council feels that the allocation 
aspects of an economically efficient har- 
vest plan are clearly inequitable and will 
likely produce long term injustices which 
cannot be compensated by other means, a 
more direct attack on the question of 
“who should catch it” will be necessary. 
Using the three questions as the basis for 
management will definitely put the allo- 
cation issue prominently on the Council’s 
agenda, but it will also focus attention on 
other important issues of more national 
interest. This is in contrast to the panel’s 
view of the Council’s. primary role as an 
arbitrator of parochial interests. 

If the U.S. Congress and NOAA are 
determined to follow the panel’s recom- 
mendation of a “separation of powers”, it 
should be modified in the following way. 
NOAA and NMFS could still be given 
the responsibility of determining the 
ABC’s for each fishery, but the expected 
response would be the range of catches 
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and the associated probabilities discussed 
above. The determination of this range 
would be a joint biological and economic 
solution, taking into account the stochas- 
ticity of the mortality, catch, and recruit- 
ment characteristics of the stocks, ex- 
pected output prices in various uses, 
expected harvesting and processing 
costs, the discount rate, as well as any 
objectives concerning stock growth rates 
provided by the Council. NMFS should 
be required to provide the range of catch 
limits for the next year, and, as an aid in 
long-term planning, for as many years 
into the future as existing data will allow. 

The role of the Councils would be to: 
1) Set the broad overall recovery plans 
for depleted stocks as an input into the 
work of NMFS in determining the ABC’s 
(recovery plans that are significantly dif- 
ferent from the economically optimal 
stock growth plan could be justified on 
some other grounds) and 2) determine the 
exact level of catch from the range pro- 
vided by NMFS and how that harvest 
should be obtained. 

Important issues for the first role are 
the rate at which depleted stocks can po- 
tentially be revived given their biological 
characteristics and the social and eco- 
nomic benefits and costs of the different 
paths to recovery. The important issues 
for the second role can be summarized in 
two questions: 1) Given the range of po- 
tential ABC’s and the relative values of 
their probabilities of success, what is the 
appropriate trade off between extra catch 
today and success in achieving the stock 
recovery goals? and 2) What is the most 
effective and equitable way of obtaining 
a harvest less than or equal to specified 
ABC, taking into account harvesting, 
plan implementation and enforcement 
costs, and the financial and social effects 
on those who are, and are not, allowed to 
participate in the industry? 

Both of these roles are obviously re- 
lated to the biological attributes of the 
stocks, but they also involve economic, 
social and cultural issues, and as such, 
should be given to the Councils rather 
than to NMFS. The allocation issue is 
certainly a big part of the Councils’ role, 
but it is not their entire reason for being. 

The NOAA panel also had some strong 
words about the Secretarial review proc- 
ess. It recommended that review be lim- 


ited to only the data, views, and com- 
ments which have been made a part of the 
Official record, and be confined to the 
issue of consistency with the National 
Standards and other applicable law. The 
justification for this recommendation is 
the perception that the Secretary also re- 
views the policy judgments of the Coun- 
cils. The speed and nature of the review 
process has been a source of contention 
since the inception of the MFCMA and, 
although not mentioned in the previous 
section, many of the current proposed 
amendments also deal with this contro- 
versial issue. Also, many of the amend- 
ments that have been passed since 1977 
have tried, with varying degrees of suc- 
cess, to clarify and simplify the review 
process. 

While it may be unpopular to argue for 
more power at the Federal level, in my 
opinion, the panel’s appeals for a more 
restricted review process should be eval- 
uated with care. Certainly an over- 
burdening process can be costly and 
counterproductive to good, flexible fish- 
eries management, but it is clear that 
there needs to be significant power at the 
top to insure appropriate consistency 
among the Councils (not that all Councils 
should have identical operations by any 
means) and to protect national resources 
against the somewhat parochial interests 
of the Councils. Therefore, any effort to 
restrict the Secretary’s authority to re- 
view overall policy may place a severe 
limitation on the ability of the MFCMA 
to achieve good management. 

There may be a problem with seman- 
tics here, however. If one reads the Na- 
tional Standards and Executive Order 
12291 carefully, it is clear that plans are 
mandated to have a considerable amount 
of economic content in objectives, analy- 
sis, and the construction of the manage- 
ment regime. If the councils do not fol- 
low these mandates, the plans they 
produce should be subject to Secretarial 
disapproval. If this is what the panel 
meant by confining the review to issues 
of consistency with other applicable law, 
then I fully support their recommenda- 
tion. However, I believe the panel, and 
certainly many others, would require a 
much less severe test of consistency, es- 
pecially with the economic issues of Ex- 
ecutive Order 12291. Some of the issues 
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that I would say are mandated by that 
Order, others may interpret as unneces- 
sary interference in ‘the policy making 
powers of the Councils. 

The panel also recommended changing 
the way Council members are appointed. 
Instead of having governors from the var- 
ious states make the nominations, the 
panel would allow any interested party 
within the geographical boundary of a 
particular Council to make a nomination. 
Then a nine-member national review 
board would review the background and 
experience of all nominees and present a 
list of the three best qualified individuals 
for each position to be filled to the Secre- 
tary. The purpose of the change would be 
to reduce the likelihood of purely politi- 
cal and hence less than qualified ap- 
pointees. 

As should be obvious from the first 
two sections of this paper, the make up of 
the Councils is critically important to the 
operation of the whole system. There- 
fore, the manner in which they are se- 
lected is a very serious issue. The pro- 
posed change would likely increase the 
number and range of interests of the indi- 
viduals who would be considered for 
nomination, although there is nothing to 
prevent anyone from making suggestions 
to the governors under the existing ar- 
rangement. In one sense, of course, the 
change will only be moving the politi- 
cization back one step in the decision 
making process. The slate of nominees 
put forward will depend upon the makeup 
of the review board. The recommenda- 
tion stresses that the board have broad 
geographic and user representation. Be- 
cause of the problem of industry mem- 
bers regulating themselves discussed 
above, it is important that both the review 
board and the Councils themselves con- 
tain a balance of knowledgeable nonin- 
dustry individuals such as academics, 
recreational users, and consumers, as 
well. 

The NOAA panel also makes two 
other recommendations related to sub- 
jects already covered in the discussion of 
amendments. First it recommends that 
any impediments to the implementation 
of limited entry be removed from the 
MFCMA and that Councils should seri- 
ously consider it as a management tool. 
This suggestion, if accepted, would obvi- 
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ously increase the chances of the 
MFCMA producing economically ratio- 
nal management. 

They also recommend eliminating all 
barriers to full domestic utilization of all 
fisheries under MFCMA jurisdiction. 
They feel that by removing such impedi- 
ments such as trade barriers, restrictions 
on the type of vessels that can be used, 
etc., the U.S. fishing industry can legiti- 
mately and successfully compete with 
foreign fishermen on the market. Stated 
in these terms, this argument certainly 
makes economic sense. 


Conclusions 


Can the MFCMA, in its present form 
or with some of the proposed modifica- 
tions, produce good (as defined in this 
paper) management? The answer to the 
question, phrased as it is, must be a qual- 
ified “yes.” If individuals up and down 
the institutional structure wanted to in- 
clude economic analysis and conclusions 
in the construction, implementation, and 
enforcement of management plans, for 
all practical purposes they could do so. 
There are some restrictions, such as the 
current limits on implementing fees, but 
they are not generally fatal. While they 
may preclude certain options, others, 
which are relatively good substitutes, are 
permissable. In addition, some of the 
proposed changes would remove or 
weaken these restrictions, and so they 
may be even less of a problem in the 
future. 

Will the MFCMA,, in its present form 
or with some of the proposed modifica- 
tions, produce good (as defined in this 
paper) management? The answer to this 
question is “probably not.” The reason 
for this pessimistic reply is that while the 
institutional structure will permit the de- 
velopment of good management, it has so 
much flexibility that it cannot guarantee 
the same. 

There are two ways to bridge the gap 
between economic theory and practical 
fisheries management. First, all, or at 


least a significant proportion, of the criti- - 


cal participants must be convinced of the 
necessity of introducing rational econom- 
ics into the system. Second, some of the 
flexibility in the system must be replaced 
with binding guidelines which can insure 


that economic principles receive appro- 
priate attention and are properly balanced 
with biological, social, and political con- 
siderations. 

There is some hope for the first of 
these. Meeting such as this at the Ameri- 
can Fisheries Society, and the growing 
importance and * creasing amount of 
economic analysis in NMFS and Council 
activities are important steps in improv- 
ing the overall economic literacy 
throughout the system. But, quite 
frankly, there are still many participants 
who have little or no understanding of the 
important economic concepts dealing 
with determining catch levels and the 
regulations to achieve them. As long as 
this is the case, the system will not give 
appropriate attention to economics. 

On the other hand, there are many in 
the system who understand economic ef- 
ficiency issues only too well, but for po- 
litical or social reasons, choose to ignore 
them. A Congressman with an important 
fisheries constituency, may be motivated 
to defer to proposals that may be of short- 
run benefit to the voters in their area, 
especially in times immediately preced- 
ing elections, rather than focus attention 
on the broader scope of good fisheries 
management. Similar behavior is possi- 
ble, and is indeed happening, at all levels 
in the institutional structure. Improve- 
ments in the dissemination of economic 
information will likely have little effect 
on this behavior. 

Therefore, because of the lack of eco- 
nomic knowledge itself and a lack of con- 
cern for its implementation in some quar- 
ters, if the system is to bridge the gap, 
then the institutional structure will have 
to be modified to mandate that appropri- 
ate attention be given to the economic 
realities of management. To be truthful, 
however, such a change will require lit- 
tle, if any, change in the MFCMA and 
other supporting law. A careful reading 
of the National Standards and Executive 
Order 12291 will show that much more 
emphasis on economics is required than 
is currently being achieved. The real 
issue is that no place in the system is 
pushing for a rigorous interpretation of 
these points of law or for their strict im- 
plementation. In essence, the gap be- 
tween economic theory and practical 
fisheries management is blocked by the 
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nature of the system itself, and by the 
type of behavior it motivates on the part 
of many of the individuals in it. As such, 
the gap is unlikely to be bridged in the 
near future. 
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Bridging the Gap Between Economic 
Theory and Fisheries Management: 
Can the MFCMA Produce Economically 
Rational Management? Discussion 


JAMES E. KIRKLEY 


Discussing the relationship between 
economic theory and fisheries manage- 
ment is a difficult task to ask of anyone. 
It is nearly impossible to do when the 
discussion is restricted to practical as- 
pects. Given the complexity of such a 
discussion, Lee G. Anderson has pro- 
vided an excellent discussion on the 
problems of managing fisheries with the 
MFCMA, particularly those relating to 
economics. 

More important, I believe, is that An- 
derson has clearly identified and stated 
the problems which have limited the 
management of fisheries in accordance 
with economic goals and objectives. This 
has obviously been a source of consider- 
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able frustration among economists in- 
volved in fisheries management. 
Anderson poses one fundamental 
question about economics and manage- 
ment. The question is “Is it likely that 
sound and economically rational man- 
agement will be produced?” in accord- 
ance with economic criteria. The criteria 
are concerned with proper use of fish and 
other resources over time with appropri- 
ate attention given to all related costs in- 
cluding harvest, programmatic, manage- 
ment, implementation, and enforcement 
costs. The answer offered by Anderson, 
and which I concur, is “Not very.” 
Two reasons why sound management 
will not be produced are given by Ander- 
son. First, the institutional setting and in- 
dustry structure hinders management. 
Second, the politically astute and power- 
ful minorities force attention on self- 
serving interests or away from economic 


goals and objectives. These are the same 
problems identified in the literature on 
regulating industry (e.g., Buchanan and 
Tollison, 1984; Crain, 1979; Eckert, 
1973; Sen, 1970; Hilton, 1972; Mc- 
Cormick and Tollison, 1981). Other rea- 
sons given in the literature for the failure 
of rational management include issue 
linkages or making trade-offs explicit 
among issues, conflicts of interest, and 
payment of managers and regulators. All 
of these would appear to be valid causes 
for the failure to achieve sound economic 
management of fisheries. 

Anderson provides a comprehensive 
discussion of the institutional setting and 
structure by which fisheries are managed 
and regulated under the MFCMA. His 
paper, in fact, might be more appropri- 
ately titled “Collective choice, conflict- 
ing criteria, and agency theory in manag- 
ing fisheries.” He notes the existence of 
multiple objectives, which are often quite 
diverse; the fact that there are many 
agents and individuals which affect or are 
affected by fisheries management; and 
that, in practice, management is often 
something upon which all concerned can 


agree. 

One aspect of the institutional setting 
which is properly accorded rigorous 
treatment in the paper is the relationship 
between the Fishery Management Coun- 
cils and the National Marine Fisheries 
Service (NMFS). It is proposed that the 
relationship is one of animosity in which 
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the Council members and staff believe 
that NMFS is attempting to make the 
work of Councils more difficult and to 
take control of fisheries management. 
This argument has been heard many 
times and there is possibly some element 
of truth to it. On the other hand, NMFS’s 
staff have often complained that the 
Councils are attempting to exclude them 
from the management process or are not 
adhering to the guidelines which must be 
followed. There also is likely to be some 
truth to this. However, as correctly indi- 
cated by Anderson, these attitudes are not 
conducive to good management. 

There is, though, another problem be- 
tween the NMFS and the Councils which 
needs to be resolved. That is the problem 
of data sharing. Currently, NMFS col- 
lects and distributes most of the data nec- 
essary for formulating management plans 
and policies. However, the distribution 
of the data is often subject to restrictions. 
These restrictions may result in inade- 
quate data for formulating and analyzing 
management plans and _ regulations. 
Thus, it is uncertain whether or not the 
council staff are provided the best data 
available and that management is based 
on the best available scientific informa- 
tion. The only immediate solution to this 
problem is for the councils to request par- 
ticular analyses from NMFS. 

Subsequently proposed in the paper is 
a political “bioregunomic” approach, the 
purpose of which is to provide an ex- 
panded analysis of the entire manage- 
ment process. This includes understand- 
ing legislative behavior regarding policy 
and budgets, enforcement activities, firm 
behavior, and the stock dynamics. The 
approach captures the entire institutional 
structure and allows for the consideration 
of other activities such as lobbying fish- 
ery agencies or the formation of “special 
interest” groups. 

The major importance of the proposed 
approach is that it indicates that rational 
economic management requires an 
understanding of activities by individuals 
and agencies other than NMFS, the 
Councils, and the fishing industry, and 
that fisheries utilization involves other 
types of management costs. In effect, the 
political bioregunomic approach focuses 
attention on a regulated equilibrium and 
an optimum utilization which considers 
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all economic aspects of firm production, 
lobbying, avoiding regulation, and insti- 
tuting and monitoring management pol- 
icy. 

Most economists and managers would 
concur with the need to consider all the 
possible interactions suggested by An- 
derson. However, we must consider the 
issues of whether or not it is possible to 
consider all the interactions, and what are 
the ramifications of not doing so. Previ- 
ous experience would suggest it is neither 
possible nor feasible to adequately con- 
sider all the interactions of so complex a 
system. We do not, as yet, appear to be 
able to deal with even the basic economic 
and biological issues. Nevertheless, 
Anderson’s argument for considering a 
broader management framework is cor- 
rect. 

A second question posited by Ander- 
son is “How can the institutional and in- 
dustry structures be altered such that the 
regulated equilibrium coincides with the 
expanded notion of optimal utilization?” 
Alternatively, “What types of regulation 
are optimal when the costs related to ac- 
tivities other than fishing are consid- 
ered?” 

A concise answer to this very difficult 
question is not provided in the paper. 
There is not, in fact, likely to be an easy 
answer. As I interpret Anderson, the 
process of formulating, implementing, 
monitoring, and enforcing management 
and regulations is too complex to offer an 
answer to the problem. 

Anderson does, however, imply some 
possible solutions: 


1) Other interests should be repre- 
sented on the councils (e.g., consumer 
advocates and planners). 

2) Encourage broader response to pro- 
posed .ianagement plans and regula- 
tions. 

3) Promote greater cooperation be- 
tween the states and Councils. 

4) Induce the U.S. Coast Guard to act 
in a coordinated way with NMFS. 

5) Specify objectives that have opera- 
tional significance. 

6) Identify a set of alternative plans 
which specify optimum yield and how 
the harvest will be limited to that level. 

7) Impose a single-source account- 
ability for success of a plan and grant it 





sufficient latitude and resources to do the 
job. 


There are, though, some possible 
problems with the implied solutions. 
First, prior attempts to broaden interests 
and responses have not been successful; 
there was often a lack of knowledge or 
understanding about fisheries and man- 
agement. Second, some states have legal 
barriers which prevent cooperation. 
Third, the Coast Guard has experienced 
budget reductions, and thus, curtailed its 
fishery-related activities. They are not 
likely to increase their level of coopera- 
tion without increases in their operating 
budget. Fourth, if operational objectives 
are well specified such that trade-offs are 
permitted, other interests will likely 
dominate the economic criteria and ob- 
jectives. Last, a single-source account- 
ability does not necessarily guarantee 
good management. Currently, the Secre- 
tary of Commerce has final approval and 
is responsible for the fishery manage- 
ment plan. Yet, there is not one FMP 
with well specified economic goals and 
objectives. 

Overall, I find little to criticize or find 
fault with in the paper by Anderson. Pol- 
itics and “back-room bargaining” are an 
integral part of the management process; 
they do result in exploitation patterns 
which are not economically optimum. 
The fact that there is a trade-off between 
efficiency and equity in formulating 
management policies is well recognized; 
the equity aspects should be considered 
as well as the efficiency aspects (Layard 
and Walters, 1978). In general, I am in 
complete agreement with Anderson that 
given the economic criteria and institu- 
tional structure, it is not very likely that 
sound economically rational manage- 
ment will be produced under MFCMA. 

In diffidence to Anderson, however, I 
do not believe that the fault lies entirely 
with the MFCMA. My argument is simi- 
lar to the statement against gun control 
that “guns don’t kill people, people kill 
people.” In managing fisheries, it is man 
that specifies goals, objectives, and regu- 
lations. The paper upon which the Act is 
printed provides only a set of guidelines. 
The fact that Councils and NMFS have 
elected not to promote efficiency or min- 
imize all costs is their decision. The Na- 
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tional Standards clearly indicate, where 
practical, that these conditions shall be 
considered. 

Instead, and with some fear, I offer 
that the reasons for the failure to achieve 
rational economical management are our 
predecessors and we economists of 
today. Alternatively, I propose that some 
of the failure is due to 1) our wide accep- 
tance of economic theory and applied 
methods, 2) our limited and often inade- 
quate economic analysis, and 3) the lack 
of importance placed on economics by 
NMFS and the councils. 

I do not propose to know all there is to 
know about economic theory and applied 
methods. However, I do know that al- 
most every paper or text on determining 
the optimum rate of exploitation com- 
mences with a control theoretic model 
(e.g., Clark, 1976, 1985; Waugh, 1984). 
Most often, the objective is to maximize 
total net discounted revenues of the in- 
dustry subject to a growth-removal equi- 
librium condition: 


fo) 


Max J e(—rt)[Peh(t) 
— C(X)h(t) }dt, (1) 
subject to [F(X) — h(t)] 


where P is output price, h is output, C is 
cost per unit of h, X is stock size, F(X) 
is a growth function, r is the social dis- 
count rate, and ¢ is time. 

Although there have been substantial 
variations of equation (1) which include 
multiple objectives, uncertainty, price re- 
sponse to quantity changes, and different 
growth functions, I think we must ask the 
question “How can management authori- 
ties seriously consider economic objec- 
tives if equation (1) cannot be solved if 
expanded to include Anderson’s political 
bioregunomics framework. A simple ex- 
pansion of equation (1) is all we have to 
offer?” It is also quite likely that equa- 
tion (1) in which demand includes substi- 
tute species, cost is not separable be- 
tween stocks and production, and the 
production technology varies over firms 
would likely present a difficult problem 
to solve. 

Equation (1) also suggests another 
possible failure on our part and relates to 
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Anderson’s criteria for an intertemporal 
harvest plan in which the correct amount 
is harvested each year. First, is there any 
reason to believe that any of the eco- 
nomic functions will be constant over all 
time periods; dynamic processes charac- 
terize fisheries. Second, equation (1) 
leads to either a steady state solution or a 
“bang-bang” control; we must ask 
whether these solutions are practical, rea- 
sonable, and feasible. Intuitively, I doubt 
it. Third, if the problem was specified as 
a finite time horizon problem, how would 
we establish the appropriate time inter- 
val? A quick review of five texts (Chow, 
1975; Clark, 1976, 1985; Kamien and 
Schwartz, 1981; Mangel, 1985) fails to 
provide any guidance about the relation- 
ship between specification, solution, and 
the selection of a time interval in a dy- 
namic problem. 

In practice, I know of no fishery in 
which the mangement rules were estab- 
lished based on a control model. The 
problem, in fact, is not caused by the 
control theoretic approach. The problem 
is, however, related to the control model. 
The model serves as a reference for the 
economic theory and principles used to 
analyze the economics of fisheries, and it 
provides the basis for establishing eco- 
nomic goals and objectives of manage- 
ment. The consistent publication of con- 
trol models in the literature only serves to 
reinforce its use by economists. 

A further examination of equation (1) 
and relating it to economic theory and 
research needs illustrates the second pos- 
sible reason why I believe economists are 
part of the problem. Most often, the 
specifications of the economic and 
growth functions in equation (1) or in 
other economic models used in fisheries 
are overly simplified. In many instances, 
the economic specifications bear no re- 
semblance to economic theory. 

For example, what type of inverse de- 
mand function has nominal price as a lin- 
ear function of only the quantity demand. 
As economists, we know that the ex- 
vessel demand is a derived demand and 
should satisfy certain properties. Yet, the 
managment plans and economic analyses 
of fisheries abound with these ad-hoc 
price response specifications. Alterna- 
tively, how many fisheries are single- 
product fisheries. Almost all of the eco- 


nomic and biological specifications of 
the technology used in fisheries assume 
the technology is nonjoint-in-inputs or 
sufficient conditions exist for input and 
output aggregation. I suspect, as does 
Clark (1985), that a single-product fish- 
ery is quite rare. In the event of multiple 
products, the economic analysis and de- 
termination of optimum yields is likely to 
be very difficult. 

In many of the empirical economic 
studies of fisheries, ad-hoc economic 
specifications are used. On occasion, 
from 5 to 20 equations may be specified 
and estimated as part of a system, but not 
one of the equations will be consistent 
with economic theory. How, then, are 
such results to be interpreted and applied 
to fisheries management. More impor- 
tant, what is the valuation of economics 
by managers when presented with such 
results. 

In a “round-about” way, I am suggest- 
ing a need for more basic economic re- 
search in fisheries. That is, if economics 
is to serve as a basis for optimal manage- 
ment, we, aS economists, must provide 
good economic analysis of the basic is- 
sues. A partial review of the economic 
programs and research within NMFS fur- 
ther illustrates this need and highlights 
the lack of importance placed on eco- 
nomics. NMFS is selected because it is 
the “national” fisheries agency, and thus, 
should indicate the importance placed 
and conveyed to others on the economics 
of fisheries. 

The economics program of NMFS 
consists of economists located in Wash- 
ington, D.C., and at several centers, re- 
gional offices, and laboratories. There 
does not appear to be a well defined goal 
and set of research objectives for the pro- 
gram. However, a substantial amount of 
analysis and research is conducted by 
these economists. This includes analysis 
of ex-vessel prices, productivity, im- 
ports, and the technology. Unfortu- 
nately, this research is most often reac- 
tive or necessitated by a problem which 
must be analyzed over a very short time- 
period. These conditions likely prevent 
the implementation of a basic research 
program and limit economic analysis. 

It is more alarming that, given the 
level of resources allocated to econom- 
ics, inadequate but still quite large, there 
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are no routine economic reports and anal- 
ysis. I consider the “Fisheries of the 
United States” publication and similar re- 
ports to be data summaries and not eco- 
nomic reports. For example, there is no 
regular publication on productivity, the 
status and implications of imports, costs 
and utilization of the factors of produc- 
tion, short-run price projections, or the 
economic implications of management 
plans and regulations. There, in fact, is 
no routine publication that summarizes 
the number of fishermen, vessels, land- 
ings, and revenue by fishery, region, or 
state. This type of information is rou- 
tinely produced by other government 
agencies concerned with the develop- 
ment, management, and regulation of 
other industries. 

This gives the impression that NMFS 
is not very concerned with economics. If 
this is the case, the gap between eco- 
nomic theory and fisheries management 
is not likely to be narrowed. 
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To narrow the gap, NMFS must as- 
sume a leadership role, at least, in the 
identification of issues in need of basic 
research, NMFS, along with the states, 
universities, Councils, industry, and con- 
cerned individuals, must provide sub- 
stantial resource support. This. includes 
funding, data access, and identification 
of the issues in need of attention. In turn, 
our job as economists is to conduct com- 
petent research on the basic-issues. I be- 
lieve we will discover that once we pro- 
vide competent research on the basic 
issues, economics will become a signifi- 
cant driving force in the management of 
fisheries under MFCMA. 
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Allocating Harvests Between Competing 
Users in Fishery Management Decisions: 
Appropriate Economic Measures for Valuation 


J. E. EASLEY, Jr., and FRED J. PROCHASKA 


Introduction 


Given the motivations for this paper, 
perhaps the subtitle should be, “In- 
appropriate Economic Measures for 
Valuation!” Most fishery economists 
probably have more experience with in- 
appropriate measures than appropriate 
ones. All of this, of course, begs the 
question of how we gauge “appropriate.” 
In general we would argue that where 
allocation is an issue, most economists 
would suggest that the end result of any 
allocation scheme satisfy marginality 
conditions. These conditions require that 
the net value of the last pound caught by 
competing user groups be equal (and 
equal to zero under open access; the mar- 
ginal user cost under optimal manage- 
ment). These of course are standard con- 
ditions from economic models concerned 
with efficiency. 

Much of the debate in the fishery eco- 
nomics literature has been over achieving 
efficiency goals (see, for example, the 
collection of papers in Anderson, 1977— 
with some exceptions, notably Bromley 
and Bishop and the collection of papers 
edited by Pearse, 1979). Excess effort, 
and the models designed to examine ef- 
fects of limited entry, may be the single 
most important problem that fishery 





ABSTRACT—This paper discusses deci- 
sion making by fishery managers and 
economists’ efforts to model fisheries. Ar- 
guments and casual evidence are presented 
to suggest that distributional issues matter 
to managers. The paper concludes with a 
practical measure suggested as a means of 
achieving efficiency goals while simulta- 
neously resolving conflicts between com- 
peting harvesting groups. 
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economists could have examined, and 
continue to examine (for a review of the 
development of economic models for 
management decisions, see Kellogg, 
1985). 

These models, as pointed out by 
Bromley and Bishop (1977), ignore dis- 
tributional issues for the most part. In this 
paper, we will discuss some allocational 
problems faced by managers, and argue 
that these are, in fact, distributional is- 
sues and are likely to be more important 
(or at least as important) to managers as 
efficiency issues. We will first address 
economists’ efforts to model fisheries 
and suggest some generalizations. Fi- 
nally, we discuss some potentially practi- 
cal alternatives for managers to consider 
in decisions and/or in the design of man- 
agement systems—alternatives that we 
as fishery economists might address. 

The motivations for this paper are sev- 
eral. One of the most important is obser- 
vation of the difficulty encountered by 
managers in attempting to allocate allow- 
able harvests between competing har- 
vesting groups. Most of us are familiar 
with examples, and we have observed 
these problems in the Gulf and south At- 
lantic with recreational and commercial 
competition for red drum, mackerel, and 
snapper-grouper stocks. In the latter fish- 
ery, there are also conflicts among com- 
merical groups. 

Overshadowing our thinking about al- 
location problems are the following: 


1) Economists have had an effect on 
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fishery management, and may have even 
greater effects through more careful in- 
terpretation of models, their implica- 
tions, and their applications to specific 
problems (i.e., empirical work). How- 
ever, in the case of recreational- 
commercial competition for the same 
species, much theoretical work remains 
to be done as a foundation for empirical 
work and policy debates'. 

2) Distributional issues in fishery 
management decisions matter a great 
deal. While our experience under ex- 
tended jurisdiction has a brief history, we 
do have longer experience and greater 
observation of management in state 
waters. There are some lessons from that 
experience which we will touch on 
below. 

3) Many groups exert piessure on 
managers for larger shares of allowable 
catch. Some of the pressure-groups use 
estimates of value that are inappropriate 
to the decision at hand. 


Why Fishery Managers Aren’t 
Listening (Any More Than 
They Are) to Efficiency 
Arguments 


Dynamic models usually start with an 
objective function of maximizing the 
present value of net benefits of harvest 
from a given stock, subject to net (of har- 
vest) growth in stock, a harvesting capac- 
ity constraint, and an initial population 
size. This, of course, describes the Clark 
and Munro (1975) linear model. It gener- 
ally is used to solve for the optimal path 
of effort. Colleagues at North Carolina 
State University have applied a modified 


'Development of such models has begun. See 
McConnell and Sutinen (1979), and Bishop and 
Samples (1980). 
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version of such a model to solve for the 
optimal season opening for the North 
Carolina bay scallop fishery—a single 
year-class fishery’. 

Such models and applications are, of 
course, concerned with efficiency. Our 
experience tells us that distribution mat- 
ters, and perhaps we, as economists, 
ought to think about incorporating distri- 
butional issues into our models’. How do 
we accomplish this without violating 
rules of welfare economics? While we do 
not presume to have a definitive answer 
to this question, there are some avenues 
that are suggested from observing man- 
agement at the state level which may be 
worth pursuing. 

An economist’s objective function in a 
model is generally oriented toward soci- 
etal welfare, and its empirical counter- 
part is usually something like maximiza- 
tion of net economic returns. First order 
conditions thus generated are efficiency- 
grounded. We do not question the useful- 
ness of such work (we have used such 
models ourselves). However, if we want 
to incorporate distribution issues and de- 
velop models that help explain observed 
behavior, existing models may be overly 
simplified. 

Consider for a moment the objective 
function of fishery management agen- 
cies. Is it to maximize the economic re- 
turns to resources engaged in harvesting? 
We would respond affirmatively, but that 
managers’ objective functions include 
more arguments‘. In working with man- 
agement agencies, it is clear that man- 
agers are concerned with income distri- 
butional effects of fisheries regulations. 
One way this is frequently voiced is (in 
our words) to minimize the heat on the 
agency from irate fishermen. And irate 
fishermen are defined as losers, or those 
who perceive losses, from a particular 


policy?. 


2For a description of the model and results, see 
Kellogg, Easley, and Johnson (1985). 

3For example, Crutchfield (1972) and Bishop, 
Bromley, and Langdon (1981) discuss incorpo- 
rating more general objectives than simply max- 
imum economic returns. 

4We economists may have too long ignored the 
role of a management (and/or regulatory) 


agency. 
5Note that there is no such thing as tenure for 
most directors of management agencies. 
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In addition to the problems we have in 
specifying models that might allow us to 
evalute tradeoffs between efficiency and 
distribution, we also have problems in 
estimating models. In most fisheries in 
the Gulf and south Atlantic region, there 
are no catch-effort data, and at best, im- 
precise estimates of stock. As Crutch- 
field (1972) has observed, we are likely 
to find “barn door” variances. Crutch- 
field (1977) also cautioned that we 
should try to formulate models that re- 
duce, rather than increase, our demands 
for data. While such a goal may be incon- 
sistent with adding distributional argu- 
ments to our models, let us pursue for a 
moment an example of Crutchfield’s 
concer. 

If we think for a moment about the 
Gulf mackerel fishery, we have a fishery 
considered to be in potential biological 
trouble. Both commercial and recre- 
ational fishermen harvest the resource 
(about 2/3 and 1/3 shares, respectively), 
and stocks apparently fluctuate signifi- 
cantly from year to year. Now, consider 
the problems that would be encountered 
with estimating a complete model of this 
fishery. Then, consider the problems of 
updating estimates of marginal values for 
fluctuating stocks, and the required time- 
liness of getting those estimates to the 
Gulf and South Atlantic Fishery Manage- 
ment Councils for appropriate decisions. 
Perhaps we ought to think of such esti- 
mates as yielding helpful information on 
desired direction of change of total catch, 
and, if we are lucky, for direction of 
change in catch for the two harvesting 
sectors. (Actually, all of this is further 
complicated by large catches by Mexican 
fishermen as well.) 

Council’s solution has been a bag limit 
on recreational fishermen, and a catch 
quota for commercial fishermen (once 
the commercial quota is reached, that 
fishery shuts down). This may well not 
be the best solution, but both harvesting 
groups seem willing to live with it. It may 
not be the worst possible solution either. 

Given poorly specified models for al- 
location problems and the data problems 
we face, it should not surprise us that 
managers put less weight on efficiency 
objectives than economists do. (That is a 
polite way of saying that they may not be 
listening as much as we would like.) But 





before we throw our hands up in dismay, 
perhaps we should examine some reasons 
for this state of affairs. 


Decision Making by 
Fishery Managers 


In no way do we intend this discussion 
to be critical of fishery manager efforts. 
Management agencies are charged with 
overseeing fisheries in society’s interest, 
but actions are definitely affected by con- 
straints faced, especially political con- 
straints®. Furthermore, the agency’s ob- 
jective functions themselves may be 
modified by fishermen who are the im- 
mediate group the agency is charged with 
serving.’. 

An example might help illustrate this 
point. For years the North Carolina bay 
scallop fishery has opened in early De- 
cember, in spite of rapid growth of a scal- 
lop’s meat through the winter months and 
price increases as the New England catch 
decreases. Why the early opening? A few 
very vocal fishermen have dominated 
public hearings—in favor of the early 
opening to earn “Christmas money.” 
Several hypotheses have been offered to 
explain this method of financing Christ- 
man expenditures. The two most likely 
explanations are: 


1) Lack of access to credit markets, 
and 

2) Aversion by those vocal fishermen 
to being on the water in the usually worse 
weather of January and February. 


If taken literally, the second argument 
is like the well accepted theory of com- 
pensating differentials in the determina- 
tion of wages. Such differentials are le- 
gitimate arguments in social welfare. 
Note, however, that this argument also 
contains the issue of income distribution. 





An interesting variation of this argument is 
made by Baden and Stroup (1978) who contend 
that some government agencies have reduced en- 
vironmental quality in pursuing the agency ob- 
jective(s). Such results occur because the envi- 
ronment is a public good, and authority and 
responsibility for actions are separated. 

7There are some interesting questions surround- 
ing the accuracy with which managers translate 
the interests of fishermen into policy. Surely this 
translation is not without variance, and that vari- 
ance may be large. 
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If in fact these fishermen have a distaste 
for fishing during colder months, then by 
shifting the season forward, they may be 
assured of a larger share of the catch. In 
any event, these hypotheses may be put 
to the test when the North Carolina 
Marine Fisheries Commission goes to 
public hearings in the fall with a recom- 
mendation of delaying the season open- 
ing until January®. 

What this example suggests is, in ef- 
fect, that managers act as if their objec- 
tive function included something like: 
Minimization of changes in the income 
distribution of harvesters (or groups of 
harvesters). Another even clearer exam- 
ple of this is in the Pamlico Sound (North 
Carolina) shrimp fishery. Small boats 
trawl the shallow bays and estuaries; 
large boats trawl the main body of the 
sound. Small-boat fishermen want the 
shrimp season opened earlier while more 
shrimp—though smaller in average size 
and price—are abundant in the bays. 
Large-boat (“hog boats” to the small boat 
fishermen) pressure managers to open the 
season later when the shrimp have grown 
and are migrating across the Sound to- 
ward the ocean. The season usually 
opens while there are still shrimp in bays. 
These are smaller shrimp, but the pur- 
pose is to make available part of the stock 
to small boats. Public hearings on when 
to open the season are animated events, 
but this is clearly a distribution issue be- 
tween two groups of commercial fisher- 
men. Shrimp and bay scallops are single 
year-class fisheries, and biologists be- 
lieve next year’s stocks are unrelated to 
this year’s harvests. Hence, population 
constraints are less binding and this may 
mean that distributional issues assume 
added weight. 

Similar distributional issues could be 
cited (see, for example, cases reviewed 
by Bromley and Bishop, 1977), as well 
as issues involving gear conflict. But our 
point is that some argument appears to 
exist in the decision function of manage- 
ment agencies that incorporates distribu- 
tional effects. There may be better speci- 
fications, but for lack of a better 
definition, we refer to it as minimization 





8The Commission did delay opening the season 
in 1986 based on the work reported in Kellogg et 
al. (1985). Let us hope we were correct. 
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of political disfavor? That there are 
trade-offs between efficiency and politi- 
cal objectives of management surprises 
no one. But what is surprising is that we 
have not attempted to explicitly incorpo- 
rate political objectives and constraints 
into our models. 

In a sense, a start in this direction has 
been made by McConnell and Sutinen 
(1979) in a model that jointly maximizes 
consumer and producer surplus with both 
commercial and recreational harvesting. 
From this model, they find that allocation 
of harvests depends critically upon the 
own-price elasticity of effort in each of 
the fisheries (where price is the derived 
demand price for each type of effort). 
The optimal mix of catch would favor the 
harvesters with the relatively smaller 
own-price elasticity (less elastic). They 
argue (p. 134) that this result “. . . sug- 
gests that prescribed allocations between 
commercial and recreational fishers 
based on historical catch shares can result 
in allocations significantly different from 
the efficient allocation.” 

Bishop and Samples (1980) also model 
a fishery with recreational and commer- 
cial conflicts, and include harvesting ca- 
pacity constraints for both harvesting 
sectors. In their linear model, movement 
along the optimal time path requires 
either recreational or commercial fishing 
to go to zero if net benefits of the last 
pound caught is not equal in the two har- 
vesting sectors. This conclusion may be 
modified by capacity constraints, i.e., if 
insufficient capacity exists in the favored 
sector to harvest the optimal quantity, 
then the other sector becomes the 
“residual claimant.” They also raise an 
important question about the effect of 
stock on net benefits per pound caught in 
the two sectors. They speculate that at 
some levels of stock, net recreational 
benefits per pound exceed net commer- 
cial benefits per pound, and for other 
stock levels, the reverse could hold. In 
their nonlinear model, harvestable sur- 
plus is divided between sectors such that 


9A student of the economics of government 
agencies might argue that economists should per- 
haps specify the objective function with some 
other politically-oriented argument, and include 
in the model a distributional constraint. In any 
event, interesting hypotheses may emerge from a 
marriage of public choice and fishery models. 


marginal net benefits are equal. They 
also note (p. 228) that “. . . once de- 
mands for recreationally and commer- 
cially caught fish become downward 
sloping in g and h [harvesting rates], re- 
spectively, the two groups will share in 
the steady-state harvest unless R and C 
[Total net benefits in the two sectors, re- 
spectively] are such that a corner solution 

We would like to summarize their im- 
portant conclusions (p. 231-2): 


1) Models (linear and nonlinear) show 
multiple use of fishery resources may be 


2) The relative economic merits of 
sport and commercial fishing must al- 
ways be compared at optimal population 
levels [otherwise we may get greatly bi- 
ased estimates of relative net benefits]. 

3) Entry of recreational fishermen into 
a previously commercially exploited 
fishery (under the nonlinear model) in- 
creases the size of the steady-state 
biomass. Similarly, “if commercial fish- 
ermen begin exploiting a population 
which serves as prey for a recreational 
species, optimal management would re- 
quire a reduction in the population of the 
predator species.” 


We think these papers are important 
contributions to the  recreational- 
commercial allocation debate. However, 
we add one last anecdote: Regarding the 
last conclusion, the North Carolina 
Marine Fisheries Commission recently 
retricted the commercial menhaden fish- 
ery to fishing some distance off shore. 
Menhaden is a prey species for many 
recreationally and commercially har- 
vested species; however, recreational 
fishermen were advocating the restric- 
tion, and greatly outnumbered commer- 
cial menhaden fishermen. 

This apparent paradox suggests again 
that we look at political tradeoffs to effi- 
ciency objectives. Such models would 
allow more complete comparisons of 
management as sometimes observed, and 
management for efficiency goals. One 
wonders, for example, how the steady- 
State stock generated from a more 
politically-oriented model wold com- 
pare with that generated from e-ficiency- 
based models. In addition to the implica- 
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tions quoted above, there is some casual 
evidence to suggest the steady-state stock 
resulting from such a generalized model 
would be smalier. 


Some Practical Measures 
for Promoting Efficiency 
and Resolving Conflicts 


We make no pretense about having 
problems with this topic: We have no 
magic wand. However, allocation deci- 
sions are being made, and many of us are 
uncomfortable with attempting to offer 
advice. And like many economists, we 
have done our share of lamenting the lack 
of data with which we are confronted. 
Allocation decisions will be made. The 
question is, can economists assist? We 
think yes. We propose the following 
ways: 


1) First, with more complete develop- 
ment of theoretical models to assist in the 
debate over allocation issues and to help 
guide public policy. And more general 
models may be necessary. 

2) Application of models to specific 
problems to quantify costs and benefits of 
proposed actions. 

3) Do a better job of conveying to 
managers and the fishing public the im- 
plications of our analyses. 


The demand for theoretical work is ob- 
vious and overdue, especially in the in- 
creasingly important competition be- 
tween recreational and commercial 
fishermen. The only thing we would add 
is that, following the discussion in the 
previous section, it may be productive to 
include managers’ objectives (reflecting 
competing fishermen) into our models’ 
objective functions and/or constraints. 

Regarding application of models to 
specific allocational issues, several ques- 
tions arise. We quote from the conclu- 
sions of Bishop and Samples (1980:232): 


. . . recreationally caught fish have usu- 
ally been valued at either their recreational 
benefits per pound or expenditures per 
pound. On the commercial side, the value 
of the catch has usually been set at the 
dockside price. A number of problems with 
this approach are immediately apparent. 
First, costs are not adequately taken into 
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account. Commercial fishing costs are ig- 
nored entirely. While recreation benefits 
measured, say, by the travel cost method 
are net of costs borne by the recreationists 
directly, other costs such as those for stock- 
ing and management may go unrecognized 


under this approach. Second, even where 
the recreational benefits are adequately 
measured—and obviously angler expendi- 
tures are i iate—benefits per pound 
constitute a measure of average rather than 
marginal benefits. It is marginal benefits 
that are important for allocation decisions 
and, except for the special case portrayed in 
the linear model, average benefits will ex- 
aggerate the contributions of recreational 
fishing at the margin. Third, such compari- 
sons may fail to capture the true economic 
relationships between sport and commer- 
cial fishing by considering relative values 
only at the current level of the fish popula- 
tion. We have shown here that the relative 
economic contributions of sport and com- 
mercial fishing should be considered across 
a broad range of biomass levels. Finally, 
when more than one species of fish is in- 
volved, as in our predator-prey model, the 
interaction effects between the two species 
become an additional consideration that 
must be weighed in defining efficiency 
conditions. 
Clearly economists have much more 
work to do before they can adequately as- 
sist public decision-makers confronting 
conflicts between sport. and commercial 
fishermen. A top priority has to be ade- 
quate assessment of the derived demand for 
recreationally caught fish. While we have 
blithely talked of the demand for recre- 
ationally caught fish . . ., the fact is that 
present demand work focuses almost en- 
tirely on the demand for entire recreational 
cts measured in days of recreation. 
Fish are only one input into recreational 
fishing. To attribute the entire benefits of 
fishing to the fishery resource is like at- 
tributing the entire benefits of farming to a 
single input such as fertilizer... . 


There is obviously much work to be 
done. Marginal valuation has to be an 
improvement over some techniques now 
used in arguments, such as: Total recre- 
ational expenditures last year were esti- 
mated at $X, which greatly exceeds the 
value of commercial landings in the same 
year of $Y; therefore, we (recreational) 
fishermen deserve exclusive harvesting 
rights. One occasionally hears similar ar- 
guments from the commercial side, 
sometimes couched in terms of employ- 
ment. 

Much preferred to such casual valua- 


tion techniques would be estimation of a 
model such as Bishop and Samples 
(1980). Yet they acknowledge problems 
in generalizing from such estimates 
based on participation in fisheries with 
biomass well away from the optimal size. 
This may describe many of our fisheries 
which are exploited by both recreational 
and commercial fishermen. And while on 
the one hand we believe such work to be 
helpful, we are also concerned about the 
data requirements and timeliness of such 
work. 

There is yet another possible approach 
to the allocation problem (whether be- 
tween groups of recreational fishermen, 
recreational-commercial, or between 
commercial fishermen). Economists 
have long discussed alternatives for lim- 
iting entry, including various property 
rights schemes such as restricted licens- 
ing and allocated quota. We are not fa- 
miliar with applications of these schemes 
to recreational-commercial conflicts. 
Rights to access or to a given quantity of 
fish may be more acceptable to fishermen 

$ a means of allocating the resource be- 
tween competing users than as a means 
for achieving efficiency goals. Mar- 
ketable fishing rights may automatically 
solve the distributional problem. One 
would expect the offer price by, say, a 
commercial fisherman for X pounds per 
year (or access to a fishery) to roughly 
reflect his discounted net earnings. He 
presumably sells at a price with which he 
is satisfied. 

Several objectives could be raised to 
such a use of property rights. One is that 
the common property problem prevails, 
and it would be in no single recreational 
fisherman’s interest to purchase rights 
(especially if there is a lumpiness prob- 
lem). To that we respond that we would 
not be surprised to see fishing clubs, 
tournament sponsors, etc., purchase fish- 
ing rights or quota (as clubs have leased 
stream bottom for fresh-water trout fish- 
ing). Note that this example implicitly 
assumes growth in recreational demand 
relative to commercial demand for har- 
vests. 

Institutional arrangements that would 
allow such a market to function do not 
now exist. However, we note that these 
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arrangements have been developed for 
property rights to access or harvest of 
other resources. 

Another objection frequently raised 
with proposed allocated quota schemes is 
enforceability. We usually assume away 
enforcement costs, or dssume that they 
are the same for alternative actions 
(which makes them irrelevant). Do en- 
forcement costs vary by policy? We sus- 
pect so, but have no real evidence. In our 
region of the country, given extremely 
low probabilities of detection, and rela- 
tively low fines if caught and convicted 
of a violation, then the expected value of 
the cost of a violation is quite low (ap- 
proaching zero?). Certainly one alterna- 
tive would be to increase the size of the 
fine if probability of detection of viola- 
tion remains low. 

There would, of course, be many prac- 
tical problems to solve before imple- 
menting such schemes. Does the man- 
agement agency simply issue access 
rights, first-come first-served? Or does it 
auction them? Does it assign access 
rights or quota to everyone currently in 
the fishery, then cancel those rights as 
participants leave the fishery in order to 
achieve efficiency objectives? Does it 
allow markets for those rights to func- 
tion, solving the allocation problem? 
What is the optimal tax on transfers? And 
how do we minimize rent-seeking activ- 
ity if a fund is created? 

These are illustrative of the types of 
questions raised regarding various prop- 
erty rights schemes for limiting entry, 
and apply as well to use of such rights for 
allocation purposes. However, they may 
offer a viable alternative for solving allo- 
cational problems, particularly between 
recreational and commercial conflicts— 
conflicts where in many cases timely em- 
pirical results are not likely to be avail- 
able. 


Summary and Implications 
for Research 


We have discussed two ideas that may 
merit some attention by economists. The 
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first is developing models that explicitly 
include management agency objectives 
against which efficiency goals are traded 
off. We have argued that there is much 
casual evidence that income distribution 
matters in management decisions. Some 
of this evidence and observation suggests 
that some measure of distributional ef- 
fects of a policy may enter managers’ ob- 
jective functions directly. Yet it may 
make more sense to specify a politically- 
oriented argument for the objective func- 
tion, with changes in the distribution of 
income acting as a constraint. Results 
such as optimal harvest and biomass from 
such a model compared with results from 
models concerned only with efficiency 
would provide some information on 
tradeoffs between those goals. Such 
models and research may also suggest 
hypotheses about why we may come 
closer to achieving efficiency goals in 
some fisheries than in others. 

The second idea discussed is the poten- 
tial use of some property rights scheme to 
allocate harvest between competing fish- 
ermen. Such a scheme may have merit in 
a fishery exploited by both commercial 
and recreational fishermen. Note that 
transferable fishing rights could be used 
to solve the allocation problem, and 
could initiate movement toward effi- 
ciency goals. Little information about the 
relative value of competing uses would 
be required by managers since a market 
for rights solves the efficiency problem. 
A market also has the inherent flexibility 
to adjust to changing circumstances. We 
conclude that a property rights scheme to 
promote markets in fishing rights (or 
stocks) seems ideal. 

We believe both of these ideas deserve 
further study. We also endorse Bishop 
and Samples’ (1980) suggestions that 
greater thought be given to modeling the 
derived demand for fish as an input into 
recreational fishing. Recreational- 
commercial conflicts are likely to inten- 
sify, at least in the Gulf and south At- 
lantic. Development and application of 
such models could be extremely useful to 


managers in the years ahead. 
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Allocating Harvests Between Competing 
Users in Fishery Management 
Decisions: Appropriate Economic 
Measures for Valuation. Discussion 


JAMES L. ANDERSON 


The evaluation of appropriate eco- 
nomic measures for analyzing the alloca- 
tion of harvests between user groups is 
difficult. There appears to be no univer- 
sal principle for guiding management’s 
allocation decisions and most of the dei- 
sions depend on political and social reali- 
ties of individual situtations. As such, 
discussions on this topic usually consist 
of anecdotal observations complemented 
with some economic intuition which con- 
clude that more careful economic analy- 
sis can help in assisting managers in their 
allocation decisions. The paper by Easley 
and Prochaska uses this approach to 
make some solid observations which 
highlight the issues and the limitations of 
current economic research. Most of my 
comments will focus on underscoring the 
issues and scope of the problems and will 
reemphasize the limitations of the current 
economic research which I feel Easley 
and Prochaska tended to understate. 

Although Easley and Prochaska dis- 
cuss allocation problems other than the 
commercial/recreation problem, the au- 
thors could have expanded upon the full 
range and magnitude of allocation prob- 
lems. In the case of Pacific salmon, for 
example, the user conflicts include allo- 
cation questions involving commercial 
fishing, recreational fishing, aquaculture 
interests, Native American fisheries, 
Canadian users, allocation between gear 
types within commercial fisheries, and 
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regional distribution of salmon _re- 
sources. Although allocation and optimal 
stock levels cannot truly be separated, the 
dominant issue in the Pacific salmon fish- 
ery is probably the allocation issue, but 
not just recreation/commercial fishery 
distribution. 

In a more general sense, fisheries allo- 
cation problems include gear conflicts 
(between and within fisheries), part-time 
versus full-time operations, inshore ver- 
sus Offshore fishermen, foreign versus 
domestic allocations, and distribution of 
domestic catch regionally and over time. 
In addition, further along the market 
chain, allocation questions involving 
fishery resources include import/export 
allocation and how the resource is to be 
processed (domestically on shore, by do- 
mestic vessels at sea, by foreign vessels 
at sea, or in foreign plants). This last re- 
source allocation question has been the 
pivotal element in recent disputes over 
joint ventures. 

I feel that it is important to underscore 
the range of user group conflicts in order 
to clearly illustrate the magnitude of the 
allocation problem. When those familiar 
with the fisheries economics literature 
consider these allocation issues, they will 
notice the remarkable lack of research on 
most of these problems. 

As Easley and Prochaska indicate, 
more modeling which attempts to capture 
the manager’s objective function is 
needed. To say the least, fisheries 
economists have barely scratched the sur- 
face. Fisheries economists need to at- 
tempt to understand not only the objec- 





tive functions of managers, but also the 
strategic behavior of the user groups 
when faced with use conflict in a regu- 
lated environment. Until we have a better 
understanding of the latter, allocation 
rules and regulation will fall short. In the 


area of user behavior, fisheries 
economists could probably gain much by 
considering the work in the fields of in- 
dustrial organization and game theory. In 
terms of modeling manager’s politically 
oriented objective functions, as Easley 
and Prochaska suggest, I would expect 
fisheries economists will have only lim- 
ited success. 

An alternative approach to directly 
modeling the manager’s objective might 
be the development of goal (goals may be 
employment, income distribution goals, 
efficiency, fish stock and harvest goals) 
frontiers as a function of policy mixes 
and budget constraints. Once the frontier 
is developed, the manager could then 
choose among the feasible frontier op- 
tions. This approach avoids imposing the 
view that efficiency is all that matters. 
These goal frontiers could be constructed 
by various mathematical programming 
techniques. 

Other aspects of the Easley and 
Prochaska paper that need additional 
consideration are their comments on 
property rights schemes. They suggest 
that individual transferable quotas may 
solve the allocation problem while mov- 
ing toward efficiency. First the question 
of workability of such schemes is in 
doubt unless, as in the case of New 
Zealand fisheries, the resource is rela- 
tively well defined and separated from 
other species, the fishermen are basically 
in agreement with the concept, and there 
exists a monitoring system which is much 
more invasive than any that presen‘ly 
exist in the U.S. food-related industries. 
Workability aside, property rights 
schemes really do not necessarily help in 
in solving allocational and distributional 
questions. Initial conditions of wealth 
and entrenchment of certain users will in- 
fluence allocation of rights (leading to 
possible inequitable initial distribution). 
There is no reason to expect the market 
for rights to be anywhere near perfect, 
especially if nonfishermen are excluded 
from the market. This will result in inef- 
ficient allocations. The inability to define 


Marine Fisheries Review 








precisely the resource also leads to ineffi- 
cient allocation. The rents captured from 
the property rights scheme and rent redis- 
tribution is another area where inefficient 
and inequitable allocations may result. 
Easley and Prochaska mention some of 
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these as “practical” problems; however, I 
feel they are critical distribution/alloca- 
tion problems. 

In conclusion, the Easley and 
Prochaska paper points out many of the 
issues relevant to analysis of allocating of 


fishery resources between user groups. 
However, after reading this paper one is 
disheartened by the lack of research by 
fisheries economists which could actu- 
ally be useful to fishery managers in their 
allocation decisions. 
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Enforcement of the MFCMA: 
An Economist’s Perspective 


Introduction 


The Federal government spent more 
than $220 million in FY 1985 to carry out 
the Magnuson Fishery Conservation and 
Management Act (MFCMA), and nearly 
60 percent of these expenditures were for 
enforcement of the regulations promul- 
gated under the Act. In late 1985 Federal 
fisheries enforcement effort was reduced 
substantially when the U.S. Coast 
Guard’s budget was cut. Sea patrols by 
the Coast Guard in the Northeast Region, 
for example, were cut in half as a result. 

What are the welfare consequences of 
this reduction? Can it be justified on eco- 
nomic grounds? Are further reductions in 
the best interest of the fishing industry, 
consumers of fish, and taxpayers? Or, is 
more enforcement justified despite its 
high cost? A naive observer might expect 
to find answers to such questions in the 
Regulatory Impact Analyses (RIA’s) re- 
quired by Executive Order 12291 for reg- 
ulations under the MFCMA. The RIA’s 
prepared to date, however, do not pro- 
vide an adequate accounting of the wel- 
fare impacts of enforcement and provide 
little or no information for determining 
the appropriate level of enforcement. I 
can only speculate on the reasons for this 
information gap. The lack of appropriate 
data likely is a principal reason. But an- 
other important reason appears to be the 
lack of an applied benefit-cost frame- 
work tailored to evaluation of the fish- 
eries law enforcement program. 

This paper describes a framework for 
evaluating fisheries law enforcement and 
uses available data to illustrate its appli- 
cation to evaluation of MFCMA enforce- 
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ment. The main body of the paper pre- 
sents the following sections: 1) An 
overview of the regulations and enforce- 
ment programs under the Act, 2) a basic 
paradigm for explaining the incidence of 
violations in a fishery is developed, 3) a 
model for measuring the effects of regu- 
latory and enforcement policies on com- 
pliance and benefits is outlined, 4) the 
nature and magnitude of enforcement 
costs are discussed, and 5) some conclu- 
sions are drawn in the final section. 


Regulations and Enforcement 
Under the MFCMA 


Under the MFCMA, regulations speci- 
fied in management plans may include: 


1) Limitations on the catch of fish 
based on area, species, size, number, 
weight, sex, incidental catch, total 
biomass, or other factors; 

2) Designated zones where and when 
fishing is limited or permitted by speci- 
fied types of vessels or gear; 

3) Prohibitions, or other controls, on 
specified types and quantities of fishing 
gear, fishing vessels, or equipment for 
fishing vessels; and 

4) A system of limiting access to a 
fishery. 


Catch limitations are the most preva- 
lent of the above regulations, followed by 
time-area closures and gear restrictions. 

Catch limitations most commonly take 
the form of an aggregate annual quota for 
specified species and areas. When the 
recorded catch for the year equals or ex- 
ceeds the quota, the fishery is closed. 
Other common catch limitations include 
restrictions on incidental catches (i.e., of 
nontargeted species) on both a trip and 
aggregate basis. Restrictions on the size 


of fish landed are used in a few fisheries. 

Time-area closures (i.e., designated 
zones where and when fishing is prohib- 
ited) have been used in most fisheries 
subject to management plans. It is com- 
mon to combine this form of regulation 
with others—e.g., catch limitations and 
gear restrictions. 

Gear restrictions appear to be slightly 
less common than time-area closures. 
The regulation usually specifies the type 
or size of gear allowed in the fishery. In 
trawl fisheries, for example, the mesh 
size of the codend must not be less than a 
specified length when measured a certain 
way; and only barbless hooks may be 
used to catch Pacific salmon off the west 
coast. 

Restricting access to a fishery is not 
common, though some forms of the regu- 
lation are found in FMP’s for Alaska 
high-seas salmon; Washington, Oregon, 
and California commercial and recre- 
ational salmon; and Atlantic surf clams 
and ocean quahogs. 

Management plans typically employ 
multiple regulations. The FMP for the 
relatively simple northern anchovy fish- 
ery uses three types of regulations: Ag- 
gregate annual catch quotas, time-area 
closures, and restrictions on the mini- 
mum size of the fish landed. FMP’s for 
more complex fisheries, such as ground- 
fish and salmon, use a greater array of 
regulations. 

Enforcement of the law and regula- 
tions under the MFCMA is the joint re- 
sponsibility of the U.S. Coast Guard (De- 
partment of Transportation) and the 
National Marine Fisheries Service (De- 
partment of Commerce). Fisheries law 
enforcement activities of the Coast Guard 
traditionally have been limited to surveil- 
lance and inspections of offshore fishing 
operations. NMFS personnel frequently 


Marine Fisheries Review 





accompany Coast Guard fishery patrols, 
making the offshore enforcement activity 
a joint endeavor. Onshore, or dockside, 
enforcement of the MFCMA has been the 
traditional responsibility of NMFS in 
conjunction with state enforcement agen- 
cies. 

Offshore enforcement is composed of 
three principal modes: Observers, sea pa- 
trols, and air patrols. The observer pro- 
gram operated by NMFS places an indi- 
vidual on board each foreign vessel to 
monitor its fishing activities. No observ- 
ers are placed on domestic fishing ves- 
sels. While observers have no authority 
to take enforcement actions, they fulfill 
an important role in the enforcement 
process. Besides monitoring and record- 
ing the foreign vessel’s activities, they 
can summon enforcement personnel if a 
violation is suspected. According to Pal- 
lozzi and Springer! , observers are a good 
mode for monitoring compliance with 
nearly all management regulations. 
Under the current program, the cost of 
observers is borne fully by the govern- 
ments of the foreign vessels. 

Sea patrols by Coast Guard ships and 
boats is the most comprehensive enforce- 
ment mode. Ship and boat patrols can 
both detect and apprehend violators and 
can be conducted in all weather where 
fishing takes place. Large ships can re- 
main on scene in a location far from port 
for long periods, while smaller boats 
present a less obvious enforcement pres- 
ence. Boardings at sea from such patrol 
ships and boats provides detailed infor- 
mation on catch, gear, processing, and 
data reporting requirements. Boardings 
cannot monitor the fishing operations as 
completely as an on-board observer, who 
can conduct nearly continuous monitor- 
ing, but is still regarded as a very effec- 
tive technique for monitoring compli- 
ance. The principal disadvantage of 
boardings at sea is their high cost!. 

Air patrols are typically used to search 
large areas to determine the number, 
type, and identity of fishing vessels. As 
provided by the Coast Guard, air patrols 
range from large, long-distance, fixed 


1Pallozzi, M. M., and S. C. Springer. 1985. 
Enforcement costs in fisheries management: The 
alternatives: Paper presented at the Workshop on 
Fisheries Law Enforcement, Univ. R. I., Oct. 
1985. 
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wing craft, such as the C130, to heli- 
copters flying short-distance sorties off 
the decks of cutters. Air patrols can de- 
tect limited types of regulatory viola- 
tions. Violations of time-area closure 
regulations can be readily detected by air 
patrol surveillance; however, violations 
of catch limitations and gear restrictions 
are usually impossible to detect from the 
air. Of course, air patrols cannot directly 
apprehend suspected violators. Dockside 
personnel or surface vessels must be 
called in to board the vessel and issue the 
citation. Air patrols also are often limited 
by weather conditions. In sum, air patrols 
are an important complement to other en- 
forcement modes and cannot be expected 
to achieve enforcement goals alone. 

Onshore, or dockside, enforcement 
modes include monitoring landings, in- 
specting primary buyers (dealers/proces- 
sors) and general investigation. Dockside 
monitoring of a vessel’s landings for spe- 
cies, sizes, and quantities is easier and 
much less costly and, therefore, can be 
more complete than at sea. Dockside 
monitoring cannot reliably determine 
where fish were caught or what gear was 
actually used. Since most foreign vessels 
do not normally land their catch in do- 
mestic ports, dockside monitoring re- 
quires bringing the vessel to port, a time 
consuming and expensive process. In- 
specting primary buyers of fish can be 
effective for detecting violations of mini- 
mum size and prohibited species regula- 
tions. Typically there are relatively few 
primary buyers, making this mode a low- 
cost means of monitoring landings. Of 
course, this mode is incapable of detect- 
ing violations of gear restrictions, closed 
areas, and individual trip or vessel quo- 
tas. According to the enforcement guide- 
lines (NMFS*), investigation includes 
undercover operations, radio monitoring, 
data analysis, use of informants, and ca- 
sual conversation with fishermen and pri- 
mary buyers. The investigation mode is 
often used to detect organized and repeti- 
tive violations, and can provide informa- 
tion on compliance and effectiveness of 
an enforcement program. 


2NMFS. 1982. Guidelines for Regional Fishery 
Management Councils on enforcement consider- 
ations (draft). Unpubl. memo., NMFS, Wash., 
D.C. : 


There are four principal types of en- 
forcement sanctions: Citations, viola- 
tions, seizures, and permit sanctions. A 
Citation is a written warning involving no 
penalty, usually issued for a technical in- 
fraction or an infraction of minor conse- 
quence. A violation is a civil penalty, 
issued for serious infractions and carries 
a maximum fine of $25,000 per day of 
violation. A seizure of a fishing vessel is 
reserved for gross, flagrant infractions of 
conservation or criminal laws and carries 
a maximum penalty of a $100,000 fine 
and/or 10 years imprisonment plus forfei- 
ture of the vessel, gear, and catch. A per- 
mit sanction revokes or suspends an indi- 
vidual’s fishing permit. Civil penalty 
actions resulting from violations are the 
most common enforcement sanction, fol- 
lowed by citations, seizures, and permit 
sanctions. 

Explaining the Incidence 
of Violations 


A framework for evaluating the costs 
and benefits of enforcement must be 
based on a sound paradigm explaining 
the behavior of individuals subjected to 
regulatory constraints. The paradigm 
adopted here is one commonly used in 
the economics literature on criminal be- 
havior’. The paradigm views individuals 
as rational decision makers who weigh 
the relative gains and losses of compli- 
ance and noncompliance when subjected 
to regulatory constraint. That is, the deci- 
sion whether to comply with the regula- 
tion is based on which alternative maxi- 
mizes the individual’s welfare. 

The decision making environment for 
individual firms facing MFCMA regula- 
tions is portrayed in Figure 1, which is 
presented in the form of a decision tree 
where Y represents an affirmative re- 
sponse and N a negative response to the 
decision question in the associated pen- 
tagon. The rounded rectangles contain 
the economic consequences for the firm 
of a decision or action taken by the firm 
or regulatory authorities. The P’s in 
parentheses next to the Y’s and N’s rep- 


3Becker (1968) is widely recognized as the pro- 
genitor of this paradigm. An important elabora- 
tion of the paradigm was made by Stigler (1970). 
For a formal adaptation of the paradigm to fish- 
eries law enforcement, see Sutinen and Andersen 
(1985). 
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resent the probabilities that the Y or N 
outcome occurs. 

Starting near the top of Figure 1, we 
see that if a management plan for a fish- 
ery (FMP) is implemented, then regula- 
tions (R) are issued. If the firm complies 
with the regulations, its economic conse- 
quences are the resulting profits repre- 
sented by m (comply). If the firm decides 
not to comply with the regulations and its 
violation is not detected (with probability 
(1-P)), its resulting profits are repre- 
sented by 7 (violation). If the firm’s vio- 
lation is detected and the firm is prose- 
cuted, it faces a penalty and legal fees 
denoted by PEN and LF, respectively. 
Therefore, the firm’s resulting profits are 
of the form 7 (violation) - LF — PEN. 

As can be seen from Figure 1, several 
outcomes are possible for the firm. This 
environment and the decision making 
paradigm for compliance are now mod- 
estly formalized in order to develop a 
framework for evaluating fisheries law 
enforcement. 

To begin, I define A as an ordered n- 
tuple of activities, (a,, a>,...,a,), by the 
fishing firm which are subject to regula- 
tion. These activities may include the 
date and location of fishing, the type, 
size, and quantity of gear used, the total 
quantity landed of specific species, etc. R 
is defined as an ordered n-tuple of regu- 
lations or regulatory constraints, (7), 
Tz,..-T,), imposed on the activities in A. 
I denote the firm’s compliance with a sin- 
gle regulation, say r,, by a, =r,, and 
with all regulations by A =R. That is, 
A<=R holds if a; = Ti, for all 
i = 1,2,..... Noncompliance with, or a 
violation of, any one or all of the regula- 
tions is denoted by A>R. That is, 
A >R if a; >r;, for any i = 1,2,...n. 

The firm’s profits depend on its set of 
activities A , i.e., 7 = (A). Some or all 
of the regulatory constraints R are said to 
be binding on the firm when 
m(A|A >R)>a(A|A SR). In other 
words, the regulations are binding when 
violation can bring the firm greater 
profits. 

With a program to enforce the regula- 
tions R, penalties are imposed on those 
firms convicted of violating the regula- 
tions. In practice, the penalties include 
monetary fines, confiscation of catch, 
gear, and vessel, suspension and revoca- 
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tion of fishing permits, and imprison- 
ment. 

Of course, not all violators are con- 
victed and penalized under the existing 
imperfect enforcement and adjudication 
system. If a firm does not comply with 
the regulations, it may be detected with 
probability P, or not detected with proba- 
bility (1 — P,). The several remaining 
steps in the prosecution process are por- 
trayed, along with the probabilities of al- 
ternative outcomes, in Figure 1. The final 
consequences for the firm’s profits are 
also given in Figure 1. To simplify the 
notation I define m (comply) = 
a(A|A <R) and 7 (viol) = (AA = R). 
LF denotes the legal fees and other costs 
borne by the firm when dealing with en- 
forcement authorities, where LF, < LF, 
< LF; <LF,<LF;< LF, is assumed. 
The penalities are as follows: 


Full penalty (denoted by PEN, )—the 
penalty prescribed by the penalty sched- 
ule. 

Partial penalty (PENp)—an amount 
less than the full penalty. 

Court penalty (PEN,)—the penalty 
prescribed by the Administrative Law 
Court following conviction. 


The behavioral paradigm assumes the 
decision maker for the firm decides 
whether to comply with the regulations 
by comparing the profit consequences of 
complying with the profit consequences 
of violating the regulations. Let’s look at 
this decision in more detail. Assuming 
the firm is risk neutral, it makes decisions 
to maximize expected profits. In general, 
expected profits are given by the equation 
E{m(A)} = a(A) — E{LF(A)} — E{PEN(A)}, 
where the expected legal fees E{LF (A )}, 
and expected penalty, E{PEN(A)}, are 
positive if A > R, and zero otherwise‘. 
The decision whether to comply is deter- 
mined by the rule: Violate/comply 
as (AIA =R)</>E{n(AlA > R)}. 
Simply stated, if the expected return from 


4For the system portrayed in Figure 1, 
6 


E(LF(A)) = hen 5. wili) , 


3 
E(PEN(A)) = Py PyP3 (2 pj*PEN)) , 





violating a regulation is greater than the 
certain return of complying, then the firm 
will commit a violation. 

The profit functions above depend on 
several variables (both endogenous and 
exogenous) which typically vary over 
time, such as prices, fish stock abun- 
dance and location, species composition, 
and weather. Such changes in conditions 
can clearly change the incentive to vio- 
late regulations. Hence, a given fishing 
firm may decide to violate a few regula- 
tions only a few times during the year, 
and another firm, facing different condi- 
tions, may decide to violate most regula- 
tions most of the time during the year. In 
addition, some firms behave differently 
because they hold different perceptions 
of the probabilities of detection and con- 
viction. The framework here assumes de- 
cisions are based solely on the outcome 
for expected current profits, when, in re- 
ality, firms likely consider the stream of 
expected future profits and perhaps non- 
economic factors such as social status in 
the community. Therefore, we cannot 
expect the simple decision rule—based 
on comparing profits from complying 
with profits from violating—to apply 
strictly in practice. My principal point 
here is that in any fishery the incidence of 
violations will vary across the fleet (with 
some firms committing more violations 
than others) and over time (as well as 
across space and other dimensions). De- 
spite these additional considerations, the 
incidence of violations will be influenced 
by the probabilities, penalties, and regu- 
lations in the same way as predicted by 
the simple framework developed above. 
Specifically, higher probabilities and 
penalties can be expected to increase 
compliance in a fishery. 

The simple theoretical framework de- 
veloped here is used in the next section to 
outline an applied model for measuring 
the effects of regulatory and enforcement 
policies on compliance in the benefits 
from a fishery. 


where w; is the conditional probability (given a 

NOVA has been issued) the ith route to final 

resolution occurs, 1; is the added legal fees of the 

last step in route i, p; is the conditional probabil- 

ity (given a NOVA) the jth penalty is awarded, 

and oc is the monetary equivalent of the jth 
ty 
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Figure1.—The decision-making environment for firms facing MFCMA regulations and enforcement actions. 


Policy, Compliance 
and Benefits 


The policy variables which affect the 
violate/comply decision are of three 
types: 1) the regulations, R ; 2) the proba- 
bilities of detection, P,, of prosecution 
(i.e., successfully issuing a NOVA) 
given detection, P,P;, and of conviction 
or settlement; and 3) the penalites, 
PEN(A). The regulations determine the 
extent to which activities of firms are 
constrained. The more constrained, the 
more likely firms will commit violations, 
other things constant. 
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The probabilities affect the magnitude 
of expected penalties and legal fees—the 
higher these probabilities, the higher the 
expected penalties and legal fees, and the 
less incentive to commit violations. The 
probability of detection is produced by 
inputs of sea and air patrols, observers, 
inspectors, and investigators (provided 
by the Coast Guard and National Marine 
Fisheries Service). Assuming efficient 
deployment, more of these inputs pro- 
duces higher probabilities of detection. 
The probability of prosecution, given de- 
tection, is produced by the personnel who 
obtain the evidence and prepare the no- 
tices of violation (i.e., the field enforce- 


ment agents of NMFS and NOAA attor- 
neys). The greater the quantity and 
quality of these personnel, the greater is 
this probability. The probability of con- 
viction or settlement not only is enhanced 
by the greater quality and quantity of the 
NOAA attorneys, but is also mitigated by 
input of the defendant’s attorney. 

The magnitude of the penalties pre- 
scribed directly affects the magnitude of 
the expected penalty for a given viola- 
tion. Other things constant, the more 
severe the penalties are, the more compli- 
ance there is with the regulations. The 
length of the time span from violation to 
collection of the penalty also is impor- 
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Table 1.—Fees collected (in millions of dollars) for 
foreign fishing under the MFCMA (Source: NMFS 
Permits and Regulations Division.). 








Collections Collections 
Year («108 Year (x 108) 
1977 $7.1 1982 $33.4 
1978 8.8 1983 41.3 
1979 10.8 1984 42.9 
1980 16.7 1985 41.5 
1981 24.1 





tant. It is the discounted value of the 
monetary value of the penalty that influ- 
ences the decision whether to comply. 
Therefore, the greater the time span, 
which has been years in some cases, the 
smaller the expected value of the penalty 
and the greater the incentive to violate. 

The potential economic benefits to the 
country from MFCMA regulations and 
their enforcement consist of four types of 
benefits: 1) Counsumers’ surplus, the 
benefits from consuming fish; 2) produc- 
ers’ surplus, the benefits from the com- 
mercial harvesting, processing, and sale 
of fish; 3) recreational benefits to anglers; 
and 4) Federal government revenue, the 
poundage fees paid by foreign fishing 
fleets. 

We have no estimates of the first three 
types of benefits—consumers’ and pro- 
ducers’ surplus and recreational benefits 
(and I will not derive these estimates, 
since this is beyond the scope of this 
paper). The amount of government rev- 
enue from foreign fishing fees since 1977 
is shown in Table 1. 

Even if we had a reliable estimate of 
total benefits, it would have limited sig- 
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Figure 2.—Benefits from enforcement. 


nificance. The estimate, combined with a 
cost estimate, would tell us whether the 
nation as a whole is better off, in eco- 
nomic terms, under the Act. While 
important, the estimate would not neces- 
sarily suggest areas for policy improve- 
ments which would yield increased bene- 
fits. In this section I describe a 
framework for assessing the current en- 
forcement system and for identifying 
areas of beneficial change. 

Development of the framework begins 
with a somewhat heuristic model show- 
ing how regulatory and enforcement 
policies are functionally related to the 
benefits generated from fisheries man- 
agement. This development is supple- 
mented with discussions of methods for 
obtaining empirical estimates of the func- 
tional relationships which comprise the 
model. Let me deal only with the case of 
a fishery in the FCZ exploited solely by 
domestic commercial fishing vessels. 
The measure of total benefits in this case 
is the sum of producers’ and consumers’ 
surplus derived from the fishery. 

As indicated above, the principal regu- 
lations implemented under the MFCMA 
have been total quotas, time-area clo- 
sures, and gear restrictions. If effectively 
implemented, each of these measures 
would ultimately result in a larger stock 
size on average than would otherwise 
occur in an unregulated, open-access 
fishery. 

This eventual increase in stock size 
generates added consumers’ and produc- 
ers’ surplus, as shown in Figure 2. Area 
A in Figure 2 represents the annual flow 


of benefits under open access, where D is 
the demand curve, S(X) is the stock- 
constant supply curve (Sutinen®), and 
Xoa and Qo, are the open-access stock 
size and catch, respectively. Assuming 
regulation does not radically alter the 
stock-constant supply curve, a larger 
stock size, X,, results in a lower S(X ) and 
added benefits equal to area B in panel 
(b) of Figure 2. 

The effectiveness of enforcement pol- 
icy affects the extent to which the stock 
increases in the long run and $(X) shifts 
down for a given regulation. Obviously, 
if the expected penalty is zero, the stock- 
constant supply curve will remain at 
S(Xo,). At the other extreme, if the ex- 
pected penalty is sufficiently high to dis- 
suade anyone from violating a regula- 
tion, then the stock-constant supply 
curve would ultimately shift down to 
S(X7), where X;7 is the target stock size 
resulting from complete compliance. 
(That the shape of S(X) will change as 
regulations are enforced is ignored here. ) 
Between these two extremes there is a 
direct relationship between the expected 
penalty and the long-run flow of benefits. 
That is, the larger the expected penalty, 
the fewer the violations, the larger the 
average stock size, and the greater the 
long-run flow of benefits from the fish- 
ery. 

Therefore, if we had empirical esti- 
mates of the following quantitative rela- 


5Sutinen, J. G. 1985. Notes on open access ex- 
ploitation of a simple fishery. Mimeo. rep., 
unpubl. 
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tionships, we could compute the change 
in benefits due to changes in enforcement 
policy variables: 





Dependent variables Independent variables 
1) Probabilities of detec- Enforcement inputs (sea 

tion, prosecution, con- and air patrols, etc.) 

oe 


2) Violation incidence by Probabilities and penalties 
regulation 


3) Fish stock size Violation incidences 
4) Benefits Fish stock size 

With these quantitive relationships we 
can predict the effects of, say, an in- 
crease in sea patrols on the probability of 
detection, the incidence of violations, the 
stock size, and on benefits. With similar 
estimates of marginal benefits for all such 
enforcement policy variables, combined 
with estimates of marginal costs, we can 
identify areas where increases and/or de- 
creases in enforcement inputs would be 
appropriate. 

Blewett, et al.° pioneered the estima- 
tion of relationships 1) and 2). They con- 
ducted surveys to obtain fishermen’s per- 
ceptions of the various probabilities, 
penalties, and violation rates for selected 
regulations. Some of their findings are 
worth noting. In most cases (i.e., viola- 
tion type and fishery) the probabilities of 
detection were less than 0.1, and the 
probabilities of prosecution, given detec- 
tion, and of conviction, given prosecu- 
tion, were each about 0.8. These separate 
conditional probabilities resulted in typi- 
cal overall probabilities of conviction in 
the neighborhood of 0.06. With such low 
probabilities, it is not surprising that they 
also found the expected illegal gain ex- 
ceeded the expected penalty in most 
cases. Their study also includes Ordinary 
Least Squares estimates of 2) for several 
cases, estimates which strongly support 
the basic paradigm described above. 

No estimates of 3) and 4) were made 
by Blewett, et al.°. Still, their results 
proved useful for identifying weaknesses 
in the enforcement system and for guid- 
ing the reallocation of enforcement re- 
sources. 


SBlewett, E., W. Furlong, and P. Toews. 1985. 
Canada’s experience in measuring the deterrent 
effect of fisheries law enforcement. Paper pre- 
sented at the Workshop on Fisheries Law En- 
forcement, Univ. R.I., Oct. 1985. 
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No such surveys have yet been com- 
pleted on fisheries enforcement in the 
United States. The best available infor- 
mation pertaining to functional relation- 
ships 1) - 4) is contained in Frailey and 
Taylor’. Using case data from 1984 and 
1985, they estimated the probability of 
prosecution given detection = 0.9, the 
probability of assessment (or conviction, 
in my terminology) = 0.95, the probabil- 
ity of collection given assessment = 0.85 
for settled cases and = 0.50 for contested 
cases. Since reliable estimates of illegal 
gains and probabilities of detection are 
not available, they calculated the 
penalties necessary to deter violations for 
selected combinations of illegal gains 
and probabilities of detection. Table 2 
presents some of their results. The 
penalties required for effective deter- 
rence are lower in contested cases since 
legal fees are assumed to be higher than 
in settled cases. The most striking result 
of Frailey and Taylor’ is that most of the 
required penalty amounts are many times 
greater than the $25,000 maximum mon- 
etary penalty allowed by the MFCMA. 
This analysis has prompted the NOAA 
General Counsel’s Office to search for 
novel ways of increasing the expected 
penalty violators face. One way now 
being used with greater frequency is the 
permit suspension or revocation. 

Frailey and Taylor’ argued that “the 
permit sanction . . . can have an eco- 
nomic impact greater than the maximum 
monetary penalty we can assess under the 
statute.” Unfortunately, fishing permits 
are not widely required in the fisheries 
regulated under the MFCMA. 

The conclusion of this section should 
be clear. We know what information we 
need to assess fisheries enforcement pol- 
icy and its effect on compliance and ben- 
efits, and we have methodologies for pro- 
ducing this information. But we do not 
have this information and we cannot yet 
say how well the Federal fisheries en- 
forcement system is performing. 


Enforcement Costs 


In this section I attempt to examine the 


7Frailey, M. H., and R. A. Taylor. 1986. Ratio- 
nalizing sanctions for fisheries violations. Paper 
presented at the Conference on East Coast Fish- 
eries Law and Policy, Univ. S. Maine, 18 June 
1986. 




















Table 2.—Required penalty assess- 
ments ($1,000) as calculated by Frailey 
and Taylor (text footnote 7). 
WMeaal ility of detection 
Probability 
= 0.02 0.1 
Settled case 
1 166 J 31 
5 833 156 
10 1666 312 
15 2500 468 
Contested case 
1 164 27 
5 830 149 
10 1664 300 
15 2500 452 
Table 3.—Federal on fish- 
erles law enforcement (millions of dol- 
lars).1 
FY USCG NMFS Total 
1975 $30.12 $2.1 $32.2 
1976 43.02 23 45.3 
-------- MFCMA enacted -------- 
1977 99.3 3.3 102.6 
1978 87.7 41 91.8 
1979 725 42 76.7 
1980 52.4 5.2 57.6 
1981 83.8 6.4 90.2 
1982 86.8 68 93.6 
1983 108.0 72 115.2 
1984 105.3 76 112.9 
1985 129.7 76 137.3 





nature and magnitude of the costs of en- 
forcing regulations under the MFCMA. 
The Act designates two Federal agencies 
to carry out enforcement of regulations: 
The National Marine Fisheries Service 
and the U.S. Coast Guard. The enforce- 
ment duties of these two agencies are pri- 
marily devoted to detecting violations of 
Fishery Management Plans and Prelimi- 
nary Management Plans, with the Coast 
Guard conducting most of its surveil- 
lance at sea and NMFS acting onshore at 
dockside. The costs of their enforcement 
programs will be examined. Table 3 
shows expenditures on fisheries law en- 
forcement by the Coast Guard and NMFS 
since FY 1975. Prior to FY 1977, expen- 
ditures were entirely for enforcement of 
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other marine resource-related laws (e.g., 
the Marine Mammal Protection Act of 
1972). The greatest expenditures are by 
the Coast Guard, reflecting the relatively 
high cost of air and sea patrols. 


Individual states cooperate with 
NMFS to enforce the MFCMA, and their 
costs should be recognized. However, no 
data exist on the cost of states’ contribu- 
tion to the Act’s enforcement. NOAA‘s 
General Counsel Office and the Adminis- 
trative Law Court of the Department of 
Commerce prosecute the cases of viola- 
tions of the Act. The expenditures of 
these two offices are small relative to the 
costs of the NMFS and Coast Guard pro- 
grams and will not be examined. 

In addition to government expendi- 
tures on enforcement, a complete discus- 
sion must examine the cost to the private 
sector of enforcement of the Act’s regula- 
tions. While no data exist, an estimate is 
made of these costs. 


Coast Guard Expenditures 


By far the greatest expenditures on 
Federal fisheries law enforcement are by 
the Coast Guard, exceeding $100 million 
annually in recent years. The Coast 
Guard has several missions or programs. 
Enforcement of fisheries regulations 
under the MFCMA is included in the En- 
forcement of Laws and Treaties (ELT) 
program. Other programs include Search 
and Rescue, Drug Enforcement, Com- 
mercial Vessel Safety, Aid to Naviga- 
tion, and Ice Breaking. 

Table 4 presents a breakdown of the 
Coast Guard’s expenditures on the ELT 
program for FY 1985. In addition to the 
MFCMA, the ELT program is concerned 
with enforcing the Marine Mammal Pro- 
tection Act, the Lacey Act, and various 
fisheries treaties. The Coast Guard esti- 
mates that about 90 percent of its ELT 
program effort is devoted to enforcement 
of the MFCMA. Table 5 presents these 
estimates of expenditures for enforcing 
the MFCMA. 

There are three major categories of ex- 
penditures by the Coast Guard: Operating 
Units, Direct Support, and Indirect Sup- 
port. The expenditures on operating units 
include fuel, salaries, etc., for the ves- 
sels, aircraft, and shore facilities accord- 
ing to the amount of time each unit 
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devoted to ELT during the year. These 
expenditures do not include amortized 
amounts for the acquisition (or replace- 
ment) cost of the vessels, aircraft, or 
other capital items. Direct support ex- 


‘penditures include district staff units, 


bases which provide repairs and mainte- 
nance, health care, and general adminis- 
trative support. These amounts are pro- 
vided by the head of each facility, who 
estimates the percent the facility’s effort 
was directed to ELT matters. Indirect 
support expenditures include recruit 
training, public affairs, and alcohol reha- 
bilitation programs. Again, percentage 
estimates of the extent to which each of 
these support activities contribute to the 
ELT program are used to calculate the 
resultant expenditures. 

The estimated expenditures by the 
Coast Guard on MFCMA enforcement 
totaled about $117 million for fiscal 
1985. Of this total, 61 percent was spent 
on operating units, 12 percent on direct 
support, and 27 percent on indirect sup- 
port. I question whether indirect support 
expenditures should be a part of this 
total. Many of the indirect support activi- 
ties appear to jointly serve all Coast 
Guard programs and are independent of 
the size and nature of any one program 
(e.g., MFCMA enforcement). To the ex- 
tent this holds, changes in MFCMA en- 
forcement activities do not affect indirect 
support expenditures. Therefore, these 
are not additional expenditures due to the 


existence of MFCMA enforcement. If 
this argument is valid, then expenditures 
total $85 million for fiscal 1985, instead 
of $117 million. 

Just over two-thirds of the expendi- 
tures are attributed to enforcing MFCMA 
regulations on foreign fishing vessels 
($80 million including indirect support, 
$58 million not including indirect sup- 
port). Most of these expenditures were 
incurred patrolling the Bering Sea in the 
Alaska region. 

The expenditures on domestic fisheries 
enforcement ($37 million or $27 million) 
were for the 25 FMP’s in place during the 
year. A breakdown by region is not avail- 
able. 

Tables 4 and 5 include no expenditures 
or charges for the acquisition of the 
ships, boats, and aircraft used in fisheries 
enforcement. In cases where a craft is 
purchased and exclusively used for fish- 
eries enforcement, then its capital cost 
should be amortized over time. In most 
cases, however, such craft serve several 
programs which leaves the problem of 
how to assign the capital cost to individ- 
ual programs. The Coast Guard has 
chosen to assign none of these costs to 
fisheries enforcement. Therefore, the ex- 
penditures figures underestimate the 
costs of fisheries enforcement. The ex- 
tent of this bias is not known at this time. 

To what extent do the Coast Guard’s 
expenditures represent costs to society? 
Unfortunately, the answer to this impor- 


Table 5.—Estimated Coast Guard expenditures on 
enforcement of MFCMA, FY 1985 (millions of dol- 








Category Foreign Domestic Totals Category Foreign Domestic Totals 
Operating units Operating units 
Vessels $33.8 $13.3 $47.1 Vessels 
Aircraft 12.8 9.1 21.9 Aircraft 
Shore facilities 78 21 9.9 Shore facilities 
Subtotal $54.4 $24.5 $78.9 Subtotal $49.0 $22.0 $71.0 
Direct support Direct support 
ini $2.0 $0.9 $2.9 Administration 
Other 8.5 42 12.7 Other ‘ . san 
Subtotal $10.5 $5.1 $15.6 om be om oe 
Totals $64.9 $29.6 $94.5 Totals $58.4 $26.6 $85.0 
Indirect support $23.9 $11.3 $35.2 Indirect support $21.5 $10.2 $31.7 
Grand total $88.8 $40.9 $129.7 Grand total $79.9 $36.8 $116.7 
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tant question is ambiguous. For these ex- 
penditures to represent social costs, the 
following conditions must hold: 1) Fish- 
eries enforcement is not a joint product of 
the Coast Guard, and 2) Coast Guard re- 
sources are allocatec efficiently. A cas- 
ual examination of the Coast Guard’s en- 
forcement operations suggests these 
conditions do not commonly hold. 
Therefore, we cannot say whether the 
above expenditures are roughly equiva- 
lent to social costs, or what direction the 
expenditure data may be biased. 


Other Federal Expenditures 


The expenditures on fisheries enforce- 
ment by other Federal agencies are small 
in comparison with those of the Coast 
Guard. The NMFS Enforcement Divi- 
sion spends about $7 million per year on 
the MFCMA, and the NOAA General 
Counsel Office and DOC’s Administra- 
tive Law Court spend about $1.0 million 
annually. 


Private Sector Costs 


The regulation of industry has been 
shown to impose significant costs on the 
operations of business firms. Weiden- 
baum (1981) found for every dollar ap- 
propriated to operate Federal regulatory 
agencies there was an additional $20 of 
costs incurred by business to comply with 
the regulations. To my knowledge, the 
costs to the fishing industry of MFCMA 
regulations have not been estimated, but 
if the evidence from other regulation is 
any guide, these costs may be large in- 
deed. The costs of complying with 
MFCMaA regulations may include gear 
modifications and greater search costs, 
for example. 

If detected of violating a regulation, 
the fishing firm may hire legal counsel 
and may have to take time off from fish- 
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ing and lose income in order to deal with 
the NOVA against it. All such costs are 
social costs and should be accounted for 
in an evaluation of fisheries regulation 
and enforcement. The costs of fines, 
however, are merely transfers from the 
offender to the taxpayers and should not 
be included in an accounting of social 
costs. 

How large might these defense-related 
costs be? Recent experience suggests 
about 300 NOVA’s are issued annually to 
domestic fishermen for violating 
MFCMaA violations. Let me assume that 
1) the fees for legal counsel average 
$2,500 per NOVA, and 2) the income 
lost due to lost fishing time also averages 
$2,500. Under these assumptions, the 
added cost to the private sector of fish- 
eries enforcement currently amounts to 
$1.5 million annually, or about 5 percent 
of what the Coast Guard spent on domes- 
tic MFCMA enforcement in 1985. 

What can we conclude about the social 
costs of enforcing MFCMA regulations? 
First, the data are rough and incomplete. 
Second, the available data suggest these 
costs are significantly large. And third, 
the data have limited usefulness. As 
shown in the previous section, we cur- 
rently have no measures of compliance, 
the principal product of enforcement, so 
we cannot assess the cost-effectiveness 
of the system. To answer a number of 
interesting policy issues we would need 
the functional relationships between the 
costs of various combinations of enforce- 
ment inputs and the probabilities of de- 
tection those inputs produce. Such rela- 
tionships would, among other things, 
help guide improvements in the cost ef- 
fectiveness of the enforcement system. 


Conclusions 


This paper has shown that only a few 
elements of a comprehensive cost-benefit 


analysis of MFCMA enforcement are 
currently available. The measures of ag- 
gregates costs, while not without prob- 
lems, are relatively complete. Only one 
of the four types of benefits, foreign fees, 
is available. The functional relationships 
needed to support cost-benefit analyses 
of policy alternatives are not available. 
These will require additional data collec- 
tion and extensive analysis and, there- 
fore, are not likely to become available in 
the immediate future. 

The available data do allow a partial 
cost-benefit analysis of enforcement ef- 
forts directed at foreign fishing opera- 
tions. The Coast Guard’s costs for en- 
forcement related to foreign fishing 
activity totaled $80 million in FY 1985. 
Foreign fees collected totaled $41.5 mil- 
lion. Unless there are nearly $40 million 
of additional associated benefits to U.S. 
producers and consumers from foreign 
fishing in U.S. waters, these figures sug- 
gest the poundage fees for foreign fleets 
are too low, or there is too much enforce- 
ment devoted to foreign operations, or 
perhaps both. At the least, the formula 
used to compute foreign fee rates ought 
to be restructured to recover no less than 
the true costs of carrying out provisions 
of the MFCMA that pertain to foreign 
fishing. 
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Enforcement of the MFCMA: 
An Economist’s Perspective. Discussion 


LOUIS J. GOODREAU 


This paper is based on the same 
premise as the Regional Councils’ 
FMP’s, that enforcement is represented 
by the monies spent by the U.S. Coast 
Guard. It is believed that such enforce- 
ment is the most effective available for 
any given set of regulations. The argu- 
ment is that, since the boats are out there 
anyway, they might as well be enforcing 
fisheries regulations. Concern for a blan- 
ket reduction of this enforcement cover- 
age is well founded, and the recom- 
mended cost-benefit analysis should be 
required. Nevertheless, these factors will 
serve only to maintain the status quo, 
which for the past 10 years has been inad- 
equate enforcement capability. 

The New England Fishery Manage- 
ment Council finds that enforcement of 
fishery regulations is the weak link in the 
chain of fishery management. This is im- 
portant whether the measures are opera- 
tional controls such as the New England 
Council proposes, or limited entry such 
as the NMFS proposes. Neither type of 
measure can work without being en- 
forced. Lack of enforcement results in 
uncertain benefits in the future, and 
makes incremental approaches to man- 
agement like operational controls pre- 
ferrable because the initial loss sustained 
is less. 

It is the Coast Guard’s at-sea enforce- 
ment capability with which we must be 
primarily concerned. The estimated $130 
million spent by the Coast Guard is not 
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the value of enforcement. In fact, and 
with good reason, other tasks such as 
safety, rescue, and drug interdiction take 
wide precedence over fishery enforce- 
ment. The marginal improvement in fish- 
ery benefits for a cutter day at sea or a 
1-hour overflight not only are unmea- 
sured, they virtually do not exist. Rather, 
what is needed is an increase in the qual- 
ity of these days. For instance, more vio- 
lations were issued in 1986 by the Coast 
Guard (almost as much as in the previous 
5 years) during a period when the number 
of cutter days was halved. If the Coast 
Guard were required to give up the por- 
tion of its budget actually used for fishery 
enforcement and maintain the same level 
of coverge for all its other tasks, the 
amount available for enforcement would 
fall far short of $130 million. Corre- 
spondingly, if an independent entity were 
charged with fishery enforcement and 
given enough funds to adequately en- 
force current regulations, the budget 
would probably also fall far short of $130 
million. 


Policy, Compliance 
and Benefits 


In this section the author discusses the 
importance of a direct relationship be- 
tween the expected penalty and the long- 
run flow of benefits. However, because 
estimates of illegal zains and probabili- 
ties of detection are not available, 
penalties necessary to deter violations are 
calculated for selected combinations of 
illegal gains and probabilities of detec- 
tion (Frailey and Taylor, footnote 7). The 
result is that the required penalty amounts 


are many times greater than the $25,000 
maximum monetary penalty allowed by 
the FCMA, and the recommendation is 
for permit sanctions. Two other avenues 
may help, concentrating on the area of 
least coverage: 1) Increasing the proba- 
bility of detection, through improved 
quality of Coast Guard boardings and de- 
veloping the inshore fleet, and 2) making 
each $1,000 worth of illegal gain a 
unique violation, each liable to a $25,000 
fine. 

It makes economic sense to expense 
the cost of enforcement up to the level of 
expected benefits of an FMP, i.e., if ben- 
efits of a given regulations are worth 
$100,000 per year, then we should be 
willing to spend up to $100,000 to en- 
force them. In practice, we should at 
least be expensing a minimum proportion 
cf the expected benefits for each regula- 
tion implemented, say, 10 percent. These 
funds could be used to supply fuel for 
small inshore enforcement fleet intercep- 
tions, such as Coast Guard boats that are 
currently not involved, which would be 
much more cost effective than $26,000 
cutter days (which require at least two 
violations at $25,000 for each day at sea 
to be cost effective) with only two high- 
endurance cutters being used out of a 
total of 29 cutters. 


Enforcement Costs 


Fisheries enforcement by the Coast 
Guard is indeed a joint product. What is 
needed is fisheries enforcement as an en- 
tirely separate program, such that the ex- 
penditures are an appropriate measure of 
the social cost of the resources used. Oth- 
erwise, following the reasoning on page 
42 relative to the multimission of the 
Coast Guard, estimated expenditures for 
FMP’s which Councils regularly receive 
for the more valuable fisheries should be 
an overestimate of the social cost of these 
resources, relative to the FMP’s for the 
less valuable fisheries. 

Two-thirds of the Coast Guard’s fish- 
ery enforcement expenditures goes to- 
ward foreign vessels. This leads one to 
question whether the elimination of for- 
eign fishing may be justified, based 
solely on the improved realization of ben- 
efits from domestic fishery regulations if 
all of those enforcement resources were 
diverted towards domestic vessels. 


Marine Fisheries Review 








interdependencies Among Fisheries Management, 
Fisheries Trade, and Fisheries Development: 
Experiences with Extended Jurisdiction 


RICHARD S. JOHNSTON and JAMES R. WILSON 


Passage of the Magnuson Fisheries 
Conservation and Management Act 
(MFCMA) brought with it much specula- 
tion about its likely impacts on fisheries 
production and seafood trade. There 
were those who hoped that the Act would 
propel the United States into the ranks of 
the world fishing and seafood exporting 
powers, largely because of the immense 
resource base that apparently was 
brought under U.S. control. Subsequent 
refinements of the Act, however, repre- 
sent a recognition that such control did 
not necessarily translate immediately into 
the development of this base. Provisions 
for foreign fishing and joint venture ar- 
rangements were included to satisfy 
world political realities as well as to ac- 
commodate needs of the domestic fishing 
sector. In all, the Magnuson Act appears 
to be as much an experiment in fisheries 
development as it is in fisheries manage- 
ment. 

Moreover, the importance of the Act, 
perceived in a global context and from an 
historical perspective, pales considerably 
when compared with world trends. The 
global impacts of the Truman Proclama- 
tion of 1945 lay the foundation not only 
for the Magnuson Act, but also for many 
similar acts and declarations worldwide. 
Between 1945 and the late 1970’s, claims 
to different parts of the ocean resource 
zones were declared by other countries. 
One could argue that the Truman Procla- 
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mation brought on the trend of extended 
jurisdiction (EJ), and that the trend has 
simply been accelerated by the MFCMA. 
Presently, practically every maritime na- 
tion has made a claim to a Fisheries Con- 
servation Zone (FCZ) or an Exclusive 
Economic Zone (EEZ). 

It is also important to note that these 
new resource claims have been made by 
a number of relatively new nations in the 
wake of the postwar trends in the growth 
of independent nation-states. This 
growth of nation-states, which has oc- 
curred coincidentally with (and was 
probably the major fuel for) extended ju- 
risdiction, has in turn fueled an impres- 
sive growth in naval arms trade, appar- 
ently in an effort to exercise real control 
over the claimed rights to the FCZ/EEZ’s 
(Morris 1986; Wilson and Morris!). For 
many of these countries, fisheries man- 
agement and enforcement has become a 
new responsibility. 

This paper discusses this new environ- 
ment and what it means for the develop- 
ment and management of U.S. fisheries 
resources, with particular reference to in- 
ternational trade. Specifically, we 
present two views regarding extended ju- 
risdiction which we believe should be 
considered to understand policy positions 
on both international fishing and seafood 
trade issues. 

First, we argue that the strength of a 
nation’s property rights over a resource 
endowment will determine, to a consid- 
erable extent, what will be traded. In par- 
ticular, a resource base claimed by a na- 
tion may be utilized in many ways, 


IWilson, J. R. and M. Morris. 1986. The role of 
defense in the formation and maintenance of 
property rights: Extended jurisdiction and the 
Third World. Working pap., 11 p. 


depending upon the strength of rights and 
the costs of other productive inputs, to 
form a large number of intermediate 
goods. Other countries may be strong 
competitors with the United States in the 
production of intermediate goods and 
their decisions may affect the manage- 
ment and development policies which we 
take as a nation. As in agriculture, our 
potential competitors may turn out to be 
quite formidable. 

Our second point is that to produce 
reasonable policy for fisheries, an under- 
standing of uncontrollable but highly in- 
fluential events exogenous to the fish- 
eries sector is of paramount importance. 
Although the global EJ trend is impor- 
tant, other factors are also driving both 
fisheries and the other sectors of our 
economy. We hypothesize that, in the 
formation of new fisheries policy, due 
consideration will be given to the com- 
parative roles of these different effects, 
such as global macroeconomic trends. 
We discuss each of these points in turn. 


A Property Rights 
Approach to Trade 


There is a theoretical basis, as well as 
a casual empirical basis, for stating that 
the structure of property rights, as re- 
flected in institutions, is codetermined 
with both the level of production within a 
country and the types of goods traded. 
These rights are based upon a combina- 
tion of international customary law and 
the level of defense expenditure and ca- 
pability. What the country decides to pro- 
duce and trade is also a reflection of the 
cost of inputs necessary to the transfor- 
mation of natural resource bases and of 
the preferences of the society. For these 
reasons, it is not likely that the trade envi- 
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ronment for a product such as fish can be 
completely characterized by looking at 
the trade statistics for fish. In fact, trade 
in a number of instruments used in the 
production of fish can be seen in the 
world today. Some of these trades may 
never show up in a balance of payments 
account. For example, a cash-poor coun- 
try, with limited access to exploitation 
technology and with a relatively high cost 
of capital, may well be attracted to the 
prospect of being able to sell some inter- 
mediate good to avoid investment in 
either expensive capital or defense and 
enforcement. For this reason, it seems 
worthwhile to investigate ways to incor- 
porate the notions of property rights into 
the discussion of the trade impacts of EJ. 

Coastal nations that extend their fish- 
eries jurisdiction can be viewed as having 
experienced an increase in resources and, 
hence, increased production possibili- 
ties. Conversely, nations whose distant- 
water fleets no longer have access to fish- 
ing grounds now under the jurisdiction of 
another nation, experience a reduction in 
production possibilities. The resulting 
impact on trade could be examined in a 
manner similar to the way one would an- 
alyze the trade impact of economic 
growth (Batra, 1973; Chacholiades, 
1978). Indeed this was done recently by 
Johnston and Siaway (1985). 

However this approach begs an impor- 
tant question. Does the declaration of ex- 
tended jurisdiction necessarily provide 
all countries with the same level of own- 
ership of the associated resources and, 
thus, the same opportunity to exploit 
fully those resources? We suggest that it 
does not, and that many of the trading 
arrangements (e.g., different kinds of 
joint venture structures) can best be 
understood by viewing ownership not as 
something a country has or does not have 
but, rather, as something held with vari- 
ous degrees of strength. Whether a newly 
endowed country harvests and sells fish, 
or sells the “right” to fish, or selects some 
other resource use alternative is impor- 
tantly determined by the cost of defining 
and protecting property rights in the new 
territory. 

Thus it is important to look carefully at 
the notion of property rights. According 
to one definition, “A person’s private 
property rights are the expectation that 
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what one decides to do with certain re- 
sources will be effectively carried out, or 
realized” (Alchian and Allen, 1968:98). 

Consider the implications of this state- 
ment. A person or a nation will possess a 
right which is conceded to it by the com- 
munity. For example, rights of “free 
speech” at the individual level and “rights 
to impose tariffs” on traded goods at the 
nation-state level can be strengthened or 
abridged by the actions of the community 
at large. However, individuals or nation- 
states may also possess varying strengths 
of rights by the maintenance of a threat 
through, say, defense and enforcement 
(D&E) expenditure. A combination of 
community concession and expenditures 
on D&E constitutes the full complement 
of ways in which expectations (property 
rights) are maintained. 

We find it useful to think of ownership 
of a resource in these terms; that is, in 
terms of the strength of the associated 
property rights, ranging from weak own- 
ership to strong ownership. The Alchian 
and Allen (1968) definition allows us to 
consider the relationship between prop- 
erty rights and institutional arrange- 
ments, or claims. A change in institu- 
tional arangements, such as EJ, may or 
may not affect the actual property rights 
of a nation. This will depend on how ex- 
pectations change and on what happens 
to the variance of expected outcomes. It 
is important to recognize, however, that 
D&E constitutes, in most realistic situa- 
tions, a necessary part of rights mainte- 
nance. The possession of different 
strengths of property rights allows differ- 
ent types of activities to take place. Weak 
rights, or those given by concession, may 
entitle the nation to a limited range of 
activities. Stronger rights allow the dis- 
posal of resources over a wider range of 
activities. 

Viewed this way, much of the interna- 
tional trade activity following extended 
jurisdiction can be seen to involve the 
exchange of bundles of goods and serv- 
ices, including services associated with 
different levels of property rights. Look- 
ing only at data on international trade in 
fish following EJ may obscure important 
economic relationships. Our discussion 
is an extension of the analysis by Sutinen 
and Anderson (1985), who argue that 
“the cost of defining and securing exclu- 


sive property rights under the new ex- 
tended jurisdiction regime, is a principal 
determinant of management measures 
that eventually will emerge. Thus the 
presence of enforcement costs may have 
a significant impact on fish production 
and allocation in the future as coastal 
states move to regulate fishing activity in 
their waters.” 

We extend this insight to embrace 
trade. That is, we permit the buying and 
selling of policing (D&E) activities 
among countries. A country with new re- 
sources to manage and exploit could con- 
tract with enforcement agencies—per- 
haps in another country—to police use of 
its resources. These D&E—or fisheries 
management—services could be pro- 
vided by a country other than the one 
prosecuting the fishery. However, since 
“effort” and policing activities are com- 
plementary inputs in the harvesting of 
fish, efficiency may be realized by 
combining these activities. Thus, as 
shown below, the decision on how much 
and whose effort to use in a fishery is 
simultaneously a decision about the 
strength of property rights in that fishery. 
The use of zero policing services, for ex- 
ample, and the resulting “open access” 
solution is the decision to allow weak 
property rights to prevail in the fishing 
zone. Conversely, the extensive use of 
policing services and the resulting “ra- 
tionalized” fishery is the decision that 
strong property rights will prevail. Most 
arrangements probably lie between these 
extremes. When a coastal nation imports 
policing services through the distant- 
water fleets of other countries or through 
joint-venture arrangements it is partici- 
pating in international trade involving 
fish, fishing rights, harvesting services, 
and policing services, variously bundled. 

Thus, we also extend the notion of 
Munro (1985) that “if a coastal state en- 
ters into a cooperative fisheries arrange- 
ment, one can think of the coastal state as 
importing harvesting and/or processing 
services from a distant water nation(s).” 
Specifically, we add policing services— 
they may simply take the form of self- 
policing agreements because a distant- 
water, rent-seeking fleet may require 
fewer policing services than would have 
to be provided by the coastal country—to 
the packages of goods and services being 
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traded among international participants 
in the fishery. 

Consider this with the use of diagrams. 
If we look at the relationship between the 
production of goods and services? and the 
expenditure of D&E in a country, we can 
visualize a trade-off curve that has an 
area of increasing returns to D&E (Fig. 
1). This is reasonable: A certain expendi- 
ture of factors in the form of D&E not 
only secures the possible use of produc- 
tive factors, but also creates an environ- 
ment conducive to enhanced production. 
Beyond E’ , additional inputs of D&E can 
be produced only by giving up produc- 
tion of other goods. If we assume the 
existence of community preferences for 
illustration purposes, and think of D&E 
as a public “bad” (a necessary evil) or as 
input used in the production of the other 
goods, then I is the highest community 
indifference curve achievable, and the 
country is at equilibrium at T*, E*. The 
uncontested portion of productivity 
would be OA. The part which would have 
to be maintained through D&E is AT*. 

However, D&E expenditures are 
made, in general, to strengthen or main- 
tain property rights, as we have dis- 
cussed. This leads us to argue for a recon- 
sideration of the notion of comparative 
advantage. Economists generally tend to 
think of comparative advantage under 
conditions in which all factors of produc- 
tion have strong property rights attached 
to them. In general, it is further assumed 
that these rights are costless to maintain. 
However, in reality, many resource 
rights are imperfectly defined or weak. 
Resources in the fishery are simply one 
example of this. Furthermore, even the 
maintenance of relatively weak rights is 
often costly. Under such circumstances, 
production, trade, and property rights de- 
cisions are made jointly. 

For example, consider two countries: 
A, with a new EEZ, and B, with a 
distant-water fleet. These two countries, 
because of the uncertainty in dealing with 
each other, keep a certain amount of their 


2To avoid the use of three dimensional diagrams 
(we would need them if the strength of property 
rights were considered explicitly), we will as- 
sume that an “increase in all other goods” means 
an increase in the physical volume of other 
goods, the services of which are defined for a 
given level of property rights. 
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Figure 1.—A production possibilities frontier between 
D&E and all other goods, and the equilibrium conditions 


that will prevail. 


endowments in defense and enforcement. 
In addition there exist a number of rules 
and agreements. Together these activities 
form the basis of the relative property 
rights strengths between A and B?. That 
is, for any productive claim, the strength 
of the rights a country has on that claim 
depends upon 1) the degree of recogni- 
tion of the claim by “the world commu- 
nity” and 2) the level of D&E activity in 
which the country engages’. 

Thus, the “strength of property rights” 


3For further discussion of negotiated rules and 
defended rights see Sutinen and Andersen (1985) 
and J. R. Wilson (1984), The history of extended 
juri - rights formation and anar- 
chy. Pap. ‘in unpubl. dissert. “Some conse- 
quences « of extending ocean resource zones.” 

‘A certain portion of these claims will have no 
need of enforcement and defense. For example, 
in the case of EJ, it may be mutually agreed that 
permission and guest allocations must be given 
to visiting fishermen before they can fish. 


in a resource can be viewed as an argu- 
ment of the production function associ- 
ated with that resource. For a given set of 
(negotiated) rules (no. 1 above)*, we can 
visualize a one-to-one mapping between 
the expenditure of resources for D&E and 
the strength of property rights (Fig. 2). 
Increased D&E expenditures are likely to 
lead to increased strength of property 
rights, although such a positive relation- 
ship is unlikely to exist for all D&E lev- 
els. The precise nature of the relationship 
is determined in part by the level of nego- 
tiation, which is again a function of the 


5The authors recognize that for a truly compre- 
hensive look at the relationship between the 
strength of rights and trade one would have to 
account for the reasons that negotiation does 
(does not) occur, and the determinants for deci- 
sions to expend valuable resource on negotiated 
settlements. Explicit treatment of this issue is 
beyond the scope of this paper, however. 
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Figure 2.—A production relationship between the 
strength of property rights (PR) and expenditures on 


defense and enforcement (D&E). 


country’s endowments. However, it is 
likely that, throughout some range of 
D&E expenditures, the marginal return 
to increased D&E expenditures declines, 
and beyond some level (E * in Figure 2) it 
is negative. Now if B’s fleet fishes in A’s 
waters, there will be division of domestic 
D&E and foreign D&E. A portion of the 
D&E supplied by the foreign nation is 
actually the degree of “recognition” of 
A’s claim, which A subsequently does 
not have to enforce. In the case of polic- 
ing its own fleet and the activities of third 
parties (country C), provision of D&E 
may involve actual resource outlays by 
B. 

In Figure 3A, S, and S; represent the 
supply of policing services (D&E) by 
country A (domestic) and country B (for- 
eign), respectively. Curve B, represents 
the marginal benefits associated with dif- 
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Figure 3.—Allocation of policing services between 
foreign and domestic participants in a fishery. 


ferent levels of D&E expenditures.° 
Total benefits (TR) are given in Figure 
3B. The intersection of 5, and B, is A’s 
autarky position, with a total revenue of 
R,. Since A seeks to maximize benefits to 


®The relationship may be thought of as follows: 
As D&E expenditures increase, so does the 
strength of property rights, at least over some 
range. This increases the rent that the fishery 
resource may earn, up to some maximum. For 
example, in the standard, static bioeconomic 
model, a reduction of effort from its open access 
level leads to rent increases, up to that associated 
with maximum economic yield. Increases in 
D&E expenditures may strengthen property 
rights and lead to reficen ability to reduce ef- 
fort levels. Thus, curve Bg in Figure 3A may be 
viewed as a relationship between marginal re- 
source rents and D&E expenditures. In a sense, 
then, expenditures on D&E may be regarded as 
expenditures on fisheries management. 


the nation, however, the decision makers 
will select that mix of foreign and domes- 
tic D&E expenditures which achieves 
this. Curve S;,,is drawn to “equate” the 
marginal costs of domestic and foreign 
policing. In equilibrium, 7, units will be 
supplied by the domestic country, 7; will 
be “imported”’, and R, revenues are gen- 
erated. This solution is country A’s pol- 
icy regarding foreign and domestic use of 
A’s fishing zone. It may, for example, 
describe a joint venture policy under 
which the foreign partner provides proc- 
essing services and determines the 
amount of effort to be devoted to harvest- 
ing, perhaps by the domestic fleet. Polic- 


7From Country B. The analysis could be ex- 
tended to include all foreign countries. 
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ing of harvest, then, is done by the for- 
eign partner (7;) and the domestic partner 
may, through its own policing activities 
(T,), prevent third parties (countries or 
other domestic harvesters) from prose- 
cuting the fishery. Country A, then, ex- 
ports a bundle of goods and services that 
includes fish, harvesting activity, and 
D&E services. Country B may, for its 
part, export a bundle consisting of pro- 
cessed fish, processing services, D&E 
services, etc.—essentially a barter trans- 
action—and/or may make direct pay- 
ment for imports (e.g., rental payments 
for joint venture participation; payments 
to fishermen). This is a quantitatively and 
qualitatively different trade solution than 
the result associated with, say, country 
A’s selling the right to fish (in exchange 
for a royalty) to country B.® However, a 
simple inspection of fish trade data would 
not reveal this as there is no reason to 
believe that the quantity of fish actually 
delivered to country B under the two ar- 
rangements is different. Indeed any of a 
large number of solutions is possible and 
the difficulty with using the standard 
trade model to analyze them is that, in 
that model, the strength of property rights 
is determined outside of the system. 
Here, however, we are arguing for treat- 
ing it endogenously.*!° 

Thus we are led to conclude that there 
is a strong link between fisheries man- 
agement and seafood trade, and that this 
link has become more clear with ex- 
tended fisheries jurisdiction. Samples 
(1585) outlines the contractual terms of 
two international tuna joint ventures in 
the southwest Pacific in which the host 
countries granted sole rights (ranging 
from harvest rights to processing and ex- 


8Suppose, in Figure 3, that the relevant total 
revenue curve is TR’, not TR, and that the asso- 
ciated marginal benefit curve is Bj. It does not 
pay country A to participate directly in utiliza- 
tion of its fishing zone. 

9Suppose that, in Figure 3A, curve Sp were the 
domestic supply of policing services and Sz were 
the foreign supply. Suppose, further, that TR’ 
were the relevant total benefits curve with Bj its 
marginal counterpart. In this case, there are 
strong incentives for a purely domestic fishery, 
with no direct foreign participation. This may be 
the case for the United States. 

10As Doug Lipton argues in his discussion, the 
model can be extended to include elements of 
imperfect competition. This is a potentially fruit- 
ful area for further analysis. 
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port rights) to the joint venture. As Clark 
and Munro (1980) and Hannesson (1985) 
point out, such monopoly/monopsony 
power can lead to resource utilization that 
is consistent with optimal fisheries man- 
agement. Gains accrue to both the host 
country and its foreign partners. To real- 
ize these gains, however, trade in inter- 
mediate goods (D&E services, harvest- 
ing services, processing services, etc.) 
takes place. These transactions are inter- 
nal to the joint venture and, as such, may 
not enter the trade statistics of the trading 
countries. Tomlinson and Vertinsky 
(1975) make a similar argument for li- 
censing schemes under which foreigners 
are charged for the right to fish and for 
policies to encourage the establishment 
of foreign-owned harvesting and process- 
ing companies within the host country’s 
national jurisdiction.!! What has the U.S. 
received for granting access to guest fish- 
ermen? In addition to monetary payments 
there are data sets, technology, collabo- 
rative scientific research, semiprocessed 
product and, in some cases, monitoring 
and enforcement.'* Whatever nominal 
claims are made by a country, it is the 
institutional arrangements chosen that 
determine the commodities traded. 

Joint venture catches by U.S. flag ves- 
sels rose from 10,600 to 911,200 metric 
tons between 1979 and 1985 (NMFS, 
1986). These “exports” took place under 
different property rights arrangements 
than did the exports of seafoods through 
more “traditional” marketing channels. 
As public policy regarding management 
of the U.S. FCZ unfolds, these arrange- 
ments will change and be accompanied 
by shifts in trade patterns. Property rights 
and trade are intimately linked. The fish- 


1lWith respect to joint ventures, Tomlinson and 
Vertinsky (1975) argue that “one of the problems 
in policing the new coastal limits for nations 
without a naval tradition will be the lack of effec- 
tive domestic deterrent ability” and that “control 
of sufficient (military) force. . .to exercise sover- 
eign rights. . .(and). . .access to adequate infor- 
mation to apply such force in time for it to take 
effect. . .will be enhanced by local participation 
in fishery joint ventures.” We suggest that, with 
long term contracts (Samples (1985) describes 
10-year contracts, subject to renewal), some 
joint venture arrangements provide incentives 
for the foreign participant to provide the policing 
services. 

!2Although, in most cases, this has been part of 
the package exported. 


ery provides an opportunity for improved 
understanding of this fundamental rela- 
tionship. We look next at how some re- 
cent models of trade in intermediate 
goods can be modified, along lines sug- 
gested above, to help explain the differ- 
ences in responses of various coastal 
countries to extended jurisdiction. 


Extended Jurisdiction and 
Trade in Intermediate Goods 


The consequences of a country shoul- 
dering the development of a newly found 
resource have been studied in detail, with 
one of the more recent contributions by 
Cassing and Warr (1985). The “Dutch 
disease” is the name given to the ob- 
served contraction of other domestic in- 
dustries in adjustment to the needs to ex- 
ploit newfound resource wealth. This 
phenomenon, which was first seen in the 
developed European countries shortly 
after the discovery of oil in the North 
Sea, seems to be the practical result of a 
strong rights system coupled with large- 
scale resource discovery and attempts at 
exploitation. It is also the result of the 
size of the resource find in relation to the 
physical and economic size of the coun- 
try. Whether or not the “Dutch disease” 
sets in may be determined by barriers to 
the inflow of foreign capital. 

As Cassing and Warr (1985) note, the 
disease can be brought on by restrictions 
in the flow of productive inputs into a 
country from foreign sources. Con- 
versely, its effects can be dampened by 
the encouragement of these types of en- 
terprises. This discussion may be of little 
direct interest to managers of the U.S. 
fisheries sector, since the U.S. is unlikely 
to be affected by the “disease” in the 
course of developing its fisheries in the 
wake of EJ. 

However, the likely resource supply 
competitors of the world, the developing 
countries, confront this routinely as a real 
policy problem which must be addressed 
in the course of their own country devel- 
opment. That is, for a country which is 
relatively undiversified, militarily weak, 
and small, the EJ claim can be the begin- 
ning of a difficult balancing act between 
D&E expenditures, access to necessary 
technology, and the satisfaction of em- 
ployment and other development objec- 
tives within the country. 


ae 





As Svejnar and Smith (1984) relate, 
most developing countries have long 
wrestled with the issue of appropriate in- 
stitutions for “indigenization” of produc- 
tion. The observations of these and other 
authors suggest the existence of a “scale” 
of productive invo!vement by a country, 
ranging from the simple licensing of a 
transnational corporation to the largely 
domestic production found in more di- 
versified countries. As more bargaining 
power (“perceived rights”) is acquired, 
these countries seek to avoid many of the 
negative impacts that are present in some 
of the more “primitive” business arrange- 
ments. However, the realization of this 
objective must be balanced against the 
negative impacts of isolationist develop- 
ment policies. Therefore, a whole range 
of institutional relationships can arise, 
each of which is associated with a differ- 
ent level of property rights. The trick for 
the leaders of the country, however, is to 
choose a D&E investment which will not 
only match the resources of the country 
with the requisite productive inputs, but 
also the needs of the country. To this end, 
there has been considerable interest not 
only in the conventional forms of re- 
source developments and trade, but also 
in less conventional forms such as barter 
and counter-trade as discussed earlier. ! 

Sarkar (1985) has investigated the im- 
plications of differential rates of time 
preference across countries on the pattern 
of trade in intermediate goods, by allow- 


13Banks (1985) argues that these newer methods 
of trade are becoming ar because “surplus 
commodities” exist, largely as a result of artifi- 
cially constrained markets created by govern- 
ment policy. He cites three main sources or ratio- 
nale for barter activity: Domestic price controls, 
international price controls, and exchange con- 
trols. However, we believe Banks leaves out an 
important reason for barter and counter-trade. 
Newly found resource wealth in countries con- 
strained by capital scarcity forces the conside:- 
ation of nonconventional trade arrangements 
which, from the standpoint of standard trade 
practice, make little sense. However, if the no- 
tion of strength of rights is incorporated in the 
problem the basis for these policies is clear. 
While it may well be that barter and counter- 
trade is a second-best policy for many countries, 
a number of nations, including firms in the 
United States, have used these methods to their 
(apparent) advantage. The existence of barter 
clauses in joint-venture arrangements between 
U.S. and foreign entities is somewhat indicative 
that alternatives to conventional trade, even for 
some U.S. firms, has been fruitfully used in con- 
junction with other arrangements. 
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ing trade at every point on the productive 
spectrum. The testable hypothesis deriv- 
ing from his model is that those countries 
for which the cost of capital is relatively 
high tend to specialize in those processes 
which require relatively less capital. 
Hence, less developed countries with 
lower wage rates but relatively high capi- 
tal costs specialize in the production and 
export of intermediate goods on the low 
end of the productive spectrum. They 
thus avoid having to “hold the goods in 
process for the entire productive spec- 
trum.” (Sarkar, 1985:86). 

Sarkar’s economy is characterized by a 
sector in which each successive stage of 
production from raw material to final 
consumer good is an input to a subse- 
quent stage of production. Suppose this 
sector is the fisheries sector. Suppose, 
further, that the output of each process 
requires D&E services, to which it ex- 
hibits diminishing marginal productivity. 
Then, allocation of D&E between a host 
country and its foreign partners'* deter- 
mines the level of tradable production. 

With the advent of extended jurisdic- 
tion, D&E activity in the waters of 
coastal nations acquired increased legiti- 
macy in the international community 
and, thus, the property rights of coastal 
countries could be strengthened by their 
use. Production possibilities for those 
countries increased, as suggested above. 
Thus, D&E expenditure raises the possi- 
bility of greater diversification within the 
coastal zone and raises productivity 
there. Productive factors are drawn from 
other sectors, resulting in production and 
trade of intermediate goods closer to the 
final stages of production. On the other 
hand, countries for which D&E services 
are costly to produce may become ag- 
gressive traders in the more primary 
focus of fisheries: Fishing access and raw 
product.!> This is undoubtedly the case 
for many of the developing coastal coun- 
tries. 

There has been a growth of independ- 


'4This will, of course, depend on relative input 
and output prices, as well as the technical rela- 
tionships among D&E services, intermediate 
roducts, and final goods. 

5For noneconomic reasons, investment in D&E 
may enter the substitution range of the produc- 
tion possibilities set. This can act as an effective 
constraint on resource development. 


ent third-world states since the beginning 
of the twentieth century. Between 1943 
and 1981, 94 newly independent nations 
emerged. These new nations are just be- 
ginning to make significant impacts in 
agriculture, light industry, and even 
heavy industry. Many, however, are ex- 
tremely poor. Extended jurisdiction un- 
doubtedly gained considerable impetus 
from the desire to broaden natural re- 
source bases by both these countries and 
the developed countries. In this milieu, 
the United States exerted jurisdiction 
over the resources of the seabed of the 
continental shelf, then over fisheries re- 
sources, and finally declared an EEZ. 
The United States, through the Mag- 
nuson Act, has embarked upon a careful 
development plan to do away gradually 
with foreign fishing activity in the EEZ, 
and to domesticate completely all stages 
of fishing and processing activities. We 
believe that consideration of the several 
issues raised in this and the previous sec- 
tion would greatly enhance future discus- 
sions of U.S. fisheries policy. 

For example, U.S. fisheries trade in- 
volves two major groups (government 
and the private sector) and several inter- 
related markets. Two big U.S. markets 
are the access market and the raw 
product/JV market. In some dealings, it 
is unclear what is being traded. The bun- 
dle could include trade concessions on 
unrelated U.S. exports. However, by at- 
tempting to assert strong property rights 
the government may be changing the rel- 
evant trading bundle and, thus, the terms 
of trade. This may cause former guests to 
go on a search for, and develpment of, 
fisheries in other nations. If guest fishing 
nations are able to find low cost of access 
within developing nations, for reasons 
described above, then their competitive- 
ness should not be substantially dimin- 
ished by the U.S. phase-out. On the other 
hand, U.S. producers, constrained in the 
purchase and use of foreign hulls and by 
an expensive ship-building industry, and 
shut off from ready-made JV markets, 
may be fighting an uphill battle to stay 
ahead of the other world fishing powers. 

In addition, fisheries management has 
long enjoyed access to relatively high 
quality data on catch and effort generated 
by guest fishing nations. The assertion of 
stronger property rights will erode this 
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data base, and the rights of data access 
now will have to be renegotiated with 
domestic fishermen. This is potentially 
an important consideration, since a sub- 
stantial amount of data, and necessary in- 
frastructure for collecting these data, was 
developed through long association with 
the guest nations. In a sense, trade took 
place in scientific information for fish- 
eries managers as well as in access to 
fisheries. Fisheries managers may well 
lose part of that component which they 
previously had by trade associations. 

U.S. fishermen may eventually con- 
sider the prospect of engaging in multina- 
tional operations which take advantage of 
their skills at harvesting coupled with low 
costs of entry and efficient processing 
technologies. This could mean teaming 
up with a foreign factory ship and guest 
fishing on productive grounds off the 
coasts of developing nations. Finally, 
fisheries development in other countries 
with an eye towards improving access 
has long been employed by other nations 
as a means of taking advantage of oppor- 
tunities that exist for trade. The U.S. in- 
dustry may find this option attractive. In 
other words, EJ could conceivably offer 
possibilities for fishermen and processors 
beyond the U.S. EEZ. If U.S. fisheries 
policy does place the industry at a disad- 
vantage in the world market, then a logi- 
cal response of the industry might be to 
draw raw product from cheaper sources. 
In summary, Americanization, while a 
popular policy, may have the effect of 
turning the industry inward and encour- 
aging an air of complacence. It might, 
however, be auspicious for that industry 
to continue expanding its world view for 
opportunities in fisheries production and 
trade. 

To this point we have focused on 
events within the fisheries sector. In the 
next section we briefly examine the sec- 
ond thesis of this paper: Namely, that 
events outside of the fisheries sector are 
important in understanding seafood 
trade!®. 

Seafood Trade and 
Macroeconomic Factors 

We have argued that analysis of the 

relationship between seafood trade and 


extended fisheries jurisdiction may lead 
to a misunderstanding of underlying eco- 
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nomic processes if decisions about the 
strength of property rights associated 
with harvesting are not considered ex- 
plicitly. However, even in the absence of 
this consideration, there is another diffi- 
culty associated with focusing on the im- 
pacts of extended jurisdiction on seafood 
trade: Failure to consider the role of 
events outside of the fisheries sector. 

As indicated above, one could view 
extended fisheries jurisdiction as a global 
reallocation of ownership of the ocean’s 
resources. We have suggested that the 
issue is more complex than this. Even if 
it weren’t, however, there are some char- 
acteristics of the fisheries resource that 
merit special treatment. Consider, first, 
the relationship between seafood trade 
and real economic activity. 


Seafood Trade and 
Real Economic Activity 


Economists argue that international 
trade and domestic trade merit different 
treatments (and models) because factors 
of production are less mobile among 
countries than within countries (Caves 
and Jones, 1973) and because public 
policies affect trade among countries dif- 
ferently than trade within countries (Lin- 
dert and Kindleberger, 1982). But sup- 
pose changes occur in the geographical 
boundaries of the world’s nations. The 
numbers appearing in the international 
trade data of the world could be dramati- 
cally affected by a globally accepted 
declaration of sovereignty by each of the 
50 states of the United States, the 10 
provinces of Canada, or the 32 states of 
Mexico. Shipments of California oranges 
to Michigan or of British Columbia 
salmon to Ontario would become interna- 
tional, instead of interregional, transac- 
tions. Apparent, as opposed to real, in- 
creases in economic activity could thus 
be generated by a shift in national 


16The discussion that follows draws heavily on 
Johnston and Siaway (1985) and on R. S. John- 
ston (1984), Status and trends in seafood trade. 
Unpubl. pap. pres. at Eighth Annu. Sem., Cent. 
Oceans Law Pol., Univ. Va. 

'7fn the long run and in the presence of perfect 
markets. Short-run decisions could be affected 
because of adjustments to the new institutional 
arrangements. Further, new, administratively 
determined levels of factor mobility may intro- 
duce new constraints on the operation of markets 
and, hence, affect the levels of real economic 
activity. 


boundaries!’. One could argue that such 
a shift has taken place in the ownership of 
the world’s oceans. It is important to dis- 
tinguish between resulting changes in the 
level and nature of real economic activity 
and 3 simple relabeling of existing activi- 
ties!® 

While extended fishery jurisdiction 
has not yet resulted in massive territorial 
expansion, the almost universal accep- 
tance of the fishery management author- 
ity of coastal states (albeit not without 
conflict; Jacobson, 1980) effectively re- 
distributes access to the living resources 
of the world’s oceans. Has economic ac- 
tivity increased with extended jurisdic- 
tion? Between 1976 and 1982, the vol- 
ume of seafood traded internationally 
rose about 27 percent (FAO, 1984)!%. 
During that same period, the world har- 
vest of fish, crustaceans, and mollusks 
increased about 7.5 percent (FAO, 
1984). Thus, world seafood trade in- 
creased considerably more than did 
world seafood production. It is likely, 
then, that some of the increased trade 
represents a redistribution of, rather than 
a global increase in, economic activity”’. 

In addition, some of the increased 
trade activity in seafood may have re- 
sulted more from phenomena outside of 
the fisheries sector, phenomena which 
were independent of extended fisheries 
jurisdiction. The analysis by Johnston 
and Siaway (1985) suggests that in- 
creased international seafood trade would 
have occurred even without extended 
fisheries jurisdiction, because of changes 
in global economic conditions. These au- 
thors argue further that the effects of this 
major development in the ownership of 


18When new resource discoveries are made 
(e.g., oil deposits) in a country, one would, 
under circumstances favorable to the utilization 
of those resources, expect an increase in that 
country’s economic activity and, as a result, an 
increase in worldwide economic activity. It is 
not clear that such increases would necessarily 
accompany a redistribution of the existing stock 
of resources among the various countries of the 
world. 
19These figures pertain to product weight and to 
the 158 countries covered by the FAO data. 
While there are aggregation problems associated 
= — product weight to measure trade vol- 

they are probably less severe than those 
maiaed with the corresponding value figures. 
20Although, because of strengthened property 
rights overall, global production possibilities 
may also have increased. See Anderson (1977) 
and Wilson (1984, footnote 3). 
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Table 1.—U.S. edible and nonedible seafcod 
and imports, in value terms, 1961-85. 











Value in thousands of dollars 
Year Exports Real exports! imports Real imports! 
1961 34,710 50,065 400,619 577,844 
1962 35,728 50,599 489,807 693,680 
1963 56,605 78,980 500,712 698,635 
1964 64,204 88,229 564,243 775,379 
1965 69,483 93,441 600,904 808,101 
1966 84,813 110,491 719,702 937,600 
1967 209 103,983 707,883 895,374 
1968 67,757 82,090 996,691 
1969 104,533 120,444 844,293 
1970 117,484 128,468 1,037,410 1,134,401 
1971 139,245 145,032 1,074,201 1,118,843 
1972 157,908 157,908 1,494,411 1,494,411 
1973 299,168 282,901 1,583,133 1,497,052 
1974 262,132 227,252 1,710,878 1,486,686 
1975 304,729 242,252 1,637,099 1,301,454 
1976 384,690 290,683 2,328,186 1,759,246 
1977 520,496 371,650 2,633,606 1,880,476 
1978 905,534 602,004 3,085,951 2,051,556 
1979 1,085,816 664,514 3,808,791 2,330, 
1980 1,014,527 566,681 3,648,452 2,045,096 
1981 1,178,000 602,249 4,206,011 2,150,312 
1982 1,095,285 528,103 4,523,578 2,181,088 
1983 1,072,742 498,255 5,129,372 2,382,430 
1984 1,027,881 460,108 5,883,393 2,633,569 
1985 1,188,434 512,919 6,678,596 2,882,433 





1Deflated by the GNP deflator, 1972=100 
Source: National Marine Fisheries Service, “Fisheries of the 
United States, 1961-85.” 


the world’s resources were masked be- 
cause most of the changes in fisheries 
jurisdiction occurred when overall trad- 
ing relationships were being realigned. 

While EJ may have led to a smaller 
increase in the world’s wealth than sug- 
gested by the trade data, redistribution of 
that wealth has generated both gainers 
and losers. We turn next to a discussion 
of international seafood trade by one ex- 
pected gainer: the United States. 


U.S. Seafood Trade 
and Extended Jurisdiction 


With the declaration of the Magnuson 
Fisheries Conservation and Management 
Act (MFCMA) of 1976, it would not 
have been unreasonable to anticipate in- 
creased domestic landings and, thus, 
both less reliance on seafood imports and 
increased export activity by the United 
States. In fact, what has happened? The 
average annual harvest by U.S. commer- 
cial fishermen during the 3 years immedi- 
ately prior to the MFCMA was 5 billion 
pounds. By 1980-82 this figure had in- 
creased to 6.8 billion pounds, an increase 
of over 30 percent. The dollar value of 
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Table 2.—U.S. exports and imports of 
commodities, in value terms, 1961-82. 
Value billions of dollars 
Total Total Real Real 

Year exports imports exports’ —_ imports! 
1961 5.0 3.7 5.3 5.3 
1962 5.0 3.9 ny 5.5 
1963 5.6 4.0 78 5.6 
1964 63 41 8.7 5.6 
1965 6.2 41 83 5.5 
1966 6.9 45 9.0 5.9 
1967 6.4 45 8.1 5.7 
1968 63 5.0 76 6.1 
1969 6.0 5.0 6.9 58 
1970 7.3 5.8 8.0 6.3 
1971 7.7 58 8.0 6.0 
1972 9.4 65 9.4 65 
1973 17.7 8.4 16.7 79 
1974 21.9 10.2 19.0 8.9 
1975 21.9 9.3 17.4 7.4 
1976 23.0 11.0 17.4 8.3 
1977 23.6 13.4 16.9 9.6 
1978 29.4 14.8 19.6 9.8 
1979 34.7 16.7 21.2 10.2 
1980 41.2 17.4 23.1 9.7 
1981 43.3 16.8 22.2 8.8 
1982 36.6 15.3 17.6 7.4 
1983 36.1 16.5 16.8 77 
1984 37.8 19.3 16.9 8.6 
19852 29.1 19.5 12.6 8.4 





1Deflated by GNP deflator, 1972=100 
2Estimated values. 
Source: USGPO (1986) and other annual volumes. 


fishery exports (measured in 1972 dol- 
lars) rose from an average of $251 mil- 
lion to one of $555 million, an increase of 
more than 120 percent over the same pe- 
riod?!, On the import side, the dollar 
value also rose, from a 1973-75 average 
of $1,428 million to a 1980-82 average of 
$2,125 million. On a per-capita basis, 
this represented an increase of 38 per- 
cent. Thus, while imports increased over 
the period, exports increased even more 
significantly, lending support.to the hy- 
pothesis that, at least for the United 
States, extended fisheries jurisdiction led 
to increased export activity and a substi- 
tution of domestically harvested seafoods 
for imports. 

A closer look at the data suggests the 
need for caution in attributing changes in 
trade activity to extended jurisdiction, 
however. Tables 1-3 and Figures 4 and 5 
show U.S. imports and exports (in value 
terms), respectively, of fishery products, 
agricultural products, and all merchan- 
dise for 1961-85. Comparison of these 


2!These figures include direct sales by U.S. fish- 
ermen to foreign processors but exclude deliver- 
ies by U.S. fishermen to foreign ports. 





Table 3.—U.S. international transactions, merchan- 
dise exports and imports (excluding military) in 
millions of dollars'. 








“Real” “Real” 
Year Exports Exports! imports imports! 
1961 20,108 29,003 14,537 20,968 
1962 20,781 29,431 16,260 23,028 
1963 22,272 31,076 17,048 23,787 
1964 25,501 35,043 18,700 25,697 
1965 26,461 35,585 21,510 28,927 
1966 29,310 38,184 25,493 33,211 
1967 30,666 38,788 26,866 33,982 
1968 33,626 40,739 32,991 39,970 
1969 36,414 41,956 35,807 41,257 
1970 42,469 46,440 39,866 43,593 
1971 43,319 45,119 45,579 47,473 
1972 49,381 49,381 55,797 55,797 
1973 71,410 67,527 70,499 66,666 
1974 98,306 85,424 103,811 90,192 
1975 107,088 85,132 98,185 78,048 
1976 114,745 86,705 124,228 93,899 
1977 120,816 86,266 151,907 108,428 
1978 142,054 94,438 176,001 117,022 
1979 184,473 112,883 212,009 129,748 
1980 224,269 125,711 249,749 139,994 
1981 237,085 121,209 265,063 135,513 
1982 211,198 101,831 247,642 119,403 
1983 201,712 93,689 268,928 124,909 
1984 219,916 98,440 334,023 149,518 
19852 216,640 93,500 333,375 143,882 





1Deflated by GNP deflator, 1972 = 100. 
Estimated i 
Source: USGPO (1986) and other annual volumes. 


data reveals some remarkable similarities. 

On the import side, for example, the 
figures in all three categories increased in 
approximately linear fashion during 
1962-71. Exports followed a similar pat- 
tern, with the exception of a drop in agri- 
cultural exports between 1966 and 1969. 
In the early 1970’s exports of all three 
classes increased dramatically—and so 
did imports. Following a brief decline in 
the mid 1970’s, exports of all merchan- 
dise and of agricultural products once 
again increased through the end of that 
decade. Seafood exports also rose over 
the period, peaking in 1979. While an- 
nual fluctuations should not be ignored, it 
is interesting to note thai, from the late 
1960’s to the late 1970’s all three groups 
rose exponentially—or, at least, more 
rapidly than during the early 1960’s. 
During the past 4 or 5 years, there has 
been a decline in exports for the three 
groups”. The point of this exercise is to 
suggest that there do not seem to be sig- 
nificant differences between the exports 


22There were exceptions in 1984 for the 
nonseafood categories and in 1985 for seafoods. 


Marine Fisheries Review 




















Percent 





Seafoods 














Figure 4.—U.S. exports of seafoods, agricultural 
commodities, and all merchandise: Percent of 1972 real 
values (1972 = 100), based on 3-year moving averages. 
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Figure 5.—U.S. imports of seafoods, agricultural 
commodities, all merc ise: Percent of 1972 real 
values (1972 = 100), based on 3-year moving averages. 


Source: Tables 1, 2, and 3. 


of fishery products and the overall export 
activity of the United States. While 
seafood exports have increased with the 
MFCMA, so, also, have exports of agri- 
cultural commodities and of all merchan- 
dise taken together. Furthermore, the re- 
cent decline in seafood exports parallels 
similar declines in other export sectors of 
the U.S. economy. It would be difficult 
to attribute these patterns to extended 
fishery jurisdiction. 

What about imports? Here the situa- 
tion is similar. Aside from the 1973-76 
period, imports of products in all three 
sectors grew between 1961 and 1979. 
Since 1979, however, there has been a 
difference, with seafoods showing a drop 
between 1979 and 1980, and increases 
since then. The recovery did not begin 
until 1983 for agricultural imports and 
imports of all merchandise. With this ex- 
ception, the general conclusion is similar 
to that reached for exports: The seafood 
sector looks very similar to other sectors 
of the U.S. economy, as measured by 
changes in economic activity. 

Johnston and Siaway (1985) explored 
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Source: Tables 1, 2, and 3. 


this issue statistically, using data for 
1961-82. Their analysis suggests that, 
while extended fisheries jurisdiction ap- 
pears to above played a role in U.S. 
seafood exports, patterns in both imports 
and exports have been importantly deter- 
mined by macroeconomic factors, in- 
cluding exchange rates: The same 
macroeconomic factors that lie behind 
U.S. trade patterns in general. This find- 
ing is hardly surprising. It is simply a 
result of the interdependencies between 
the fisheries sector and the rest of the 
economy. It is also consistent with a sim- 
ilar finding by McCalla (1982) for U.S. 
agriculture. 

We do not mean to suggest that events 
within the fisheries sector are unimpor- 
tant in understanding seafood trade. On 
the contrary, a number of events, some of 
them spawned by the Magnuson Act, 
have played major roles in particular 
markets for particular species. 

In the case of Pacific salmon, for ex- 
ample, legislation of the mid-1970’s, 
strengthened by the Magnuson Act, en- 
abled the United States and Canada to 


control interception of North American 
salmon by the Japanese distant-water 
fleets. This and favorable climatic and 
oceanographic conditions led to large 
runs of salmon being made available to 
the Alaska fleets. Increased availability 
of salmon in the United States and de- 
creased availability in Japan resulted in 
increased exports by U.S. supplies to the 
Japanese market. In addition, the United 
States has experienced substantial in- 
creases in the imports of a related 
product: Atlantic salmon from Norway. 
As a farmed product, delivery is possible 
during those months when U.S. produc- 
tion is low. However, even if there had 
been no change in demand and supply 
conditions in the United States and its 
European markets, one could have 
anticipated a substitution of Norwegian 
for U.S. salmon, both domestically and 
abroad, because of the relative strength 
of the U.S. dollar against major Eu- 
ropean currencies, including the Norwe- 
gian Krone”. Other factors are also im- 


23This situation has changed recently. 
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portant, but the central point here is that 
both microeconomic and macroeconomic 
variables are important determinants of 
market conditions in the seafood sector. 

Our point here is that the seafood sec- 
tor is not immune from changes occur- 
ring in the rest of the economy. With 
extended fisheries jurisdiction came ex- 
pectations of increased production and 
expanded exports by the United States. 
With respect to sales of seafoods, it ap- 
pears that global economic conditions 
have played the dominant role. It is im- 
portant to remember, however, that, as 
argued in the first part of this paper, new 
trade patterns in intermediate goods have 
emerged. These are closely linked to 
emerging institutional arrangements 
within the fishery and should be included 
in any discussion of the trade impacts of 
extended jurisdiction. 


Summary and Conclusions 


- There are theoretical and empirical 
bases for stating that the structure of 
property rights and the associated institu- 
tional arrangements are codetermined 
with both the level of production within a 
country and the types of goods traded. 
These rights are based upon a combina- 
tion of international customary law and 
the level of defense and enforcement cho- 
sen. Extended fisheries jurisdiction can 
be viewed as leading to shifts of produc- 
tion possibilities schedules, but the issue 
is much more complex than this. Specifi- 
cally, because policing the use of newly 
acquired resources is not costless, coastal 
countries may choose to participate in 
trade with other countries that involves 
bundles of services, including policing 
services themselves. 

Thus it is not likely that the trade envi- 
ronment for the fishery can be completely 
characterized by looking at the trade 
statistics for fish. In fact, trade in a num- 
ber of instruments which lead to the pro- 
duction of fish can be seen in the world 
today. Some of these trades may never 
appear in a balance of payments account. 
For a cash-poor country, with limited ac- 
cess to exploitation technology and with 
a relatively high cost of capital, the 
prospect of being able to sell some inter- 
mediate good without expensive capital 
expenditures on investment in defense 
and enforcement may be attractive in- 
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deed. A country may even choose to ex- 
port fishing rights and to import fish from 
its own zone if policing services can be 
provided at relatively low cost by distant- 
water fleets. 

The new fishing zones may provide the 
economic analyst with a laboratory in 
which to improve understanding of the 
trade phenomenon in general. It may no 
longer be possible for us to think of trade 
solely in terms of goods and services in 
any meaningful way, without explicit 
consideration of trade in factors which 
strengthen or weaken the property rights 
in those goods and services. It has long 
been argued that trade takes place in the 
rights to goods, not in the goods them- 
selves. We have argued, however, that 
those rights come in various degrees, 
leading to different terms of trade for the 
associated goods and services. This is 
true for all trade; under open access con- 
ditions the property rights dimension is 
simply more obvious. 

Much of the motivation for complete 
“rationalization” of the EEZ seems to 
stem mainly from an import/export sub- 
stitution argument: The U.S. wishes to 
substitute imports with domestic produc- 
tion and to capture the export markets 
which ostensibly would be ours if we re- 
moved foreign fishing. There may be 
several drawbacks to such a policy. First, 
the United States competes on many pri- 
mary industry markets with developing 
countries (e.g., grains and some meats), 
and it is not clear at this point that it com- 
petes well in these commodities. It is also 
unclear where our advantage is in the 
production of fish for foreign and domes- 
tic markets. Although it is clear that our 
natural resource base is large, production 
also requires appropriate types of proc- 
essing technology. The cost of this tech- 
nology may be relatively high. “Ameri- 
canization” of the U.S. fishing zone may 
look different than currently envisioned. 

Second, even if the necessary expendi- 
tures of investment in D&E are made, 
and the United States goes wholly do- 
mestic, there are many countries that can- 
not afford to do the same thing. They will 
be selling product in the form of access, 
or joint ventures. These types of trade 
arrangements, if they are numerous, en- 
courage parties with productive inputs to 
search for cost efficient combinations of 





labor, capital, and ocean access. In these 
instances, Americanization of production 
may place the United States in a compet- 
itively disadvantageous position in world 
markets. 

Third, the U.S. government received a 
number of concessions from foreign par- 
ticipants which aided considerably in the 
management of the fisheries. On-board 
observers and in-season monitoring gen- 
erate relatively accurate data on direct 
and by-catch tonnages and made the 
management of many fisheries relatively 
easy. With Americanization, U.S. fish- 
eries management data bases could well 
be eroded to the point of being useless, 
especially if management’s case for data 
needs is not vigorously made. In this na- 
tional climate of deregulation and low 
regulatory agency profile, the fishing 
community may be able to successfully 
resist the domestic implementation of the 
data collection programs previously pro- 
vided by guest nations. 

In summary, the United States is per- 
fectly capable of supplying the level of 
D&E that will insure the complete do- 
mestication of the industry. However, 
whether the domestic industry will ulti- 
mately be able to compete on the world 
market without asking for protectionist 
measures in the future is uncertain. 
Americanization with protectionism 
would amout to an income transfer from 
consumers to another protected industry. 

In the second section we demonstrated 
the necessity of paying attention to global 
macroeconomic trends when sectoral 
policy impacts are being assessed. This is 
especially true when those trends have to 
do with relative differences in productiv- 
ity of countries, which may have an im- 
pact upon the value of currency. This and 
other macroeconomic phenomena have 
been instrumental in determining trade 
trends. While extended jurisdiction has 
not been neutral where international 
seafood trade is concerned, it is by no 
means the only driving force. 

We believe that the United States will 
find itself increasingly in direct competi- 
tion with newer and hungrier nations who 
will offer attractive terms of access to 
resource wealth. As control over the nat- 
ural resource base tightens, the fishing 
sector will begin to show increasing sim- 
ilarity with the rest of primary industry in 
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the United States, such as agriculture, 
with all of the attendant drawbacks when 
it comes time to trade in these goods. As 
the sector becomes more domestic, other 
problems will exhibit themselves, not the 
least of them being the global impacts of 
occurrences which lie principally outside 
of the sector. If trade in intermediate 
goods is principally confined to wholly 
domestic processes, it is unclear at this 
time how competitive these processes 
will be after foreign resource holders and 
producers adjust their own property 
rights expectations and develop their own 
trade policies toward fisheries. 
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Interdependencies Among Fisheries 
Management, Fisheries Trade, and 
Fisheries Development: Experiences 
with Extended Jurisdiction. Discussion 


DOUGLAS W. LIPTON 


The task given to these authors of de- 
scribing the interrelationships between 
fisheries trade, development, and man- 
agement was enormous. Rather than try- 
ing to cover all the interrelationships, 
they have chosen to focus on two that 
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they feel are important: 1) The endo- 
geneity of the level of property rights and 
the pattern and terms of trade of a nation, 
and 2) the effect of exogenous fac- 
tors, particularly global macroeconomic 
trends, on trade. The bulk of the paper is 
devoted to the first topic because it re- 
quires greater theoretical development 
and is inherently more complex than the 
treatment of exogenous factors. There- 


fore, I will dispose of my comments on 
the exogenous factors section first, and 
then address the property rights issue. 

The importance of exogenous factors 
to fisheries trade is demonstrated in a 
simple, but effective, way. Comparison 
of trends in fisheries imports and exports 
are made to the trends in other commodi- 
ties. Figures 4 and 5 demonstrate the re- 
markable similarities in these trends, 
making the case for the influence of 
macroeconomic factors. However, these 
same diagrams are also striking in the 
dissimilarities between fisheries and the 
other commodities. In particular, for 
both imports and exports, the sharp in- 
crease of the 1970’s starts a year earlier 
and the response is greater than the other 
commodities. 

One of the reasons for the increase in 
exports, the fortuitous events in the U.S. 
salmon market, is discussed in the text, 
but an even more significant event was 
the increase in king crab exports from 
$11.9 million in 1976 to $29.0 million in 
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1977. This, too, was not a direct result of 
the MFCMA, but a short-lived boom in a 
fishery that collapsed in 1983. This lends 
further support to the theory that the 
MFCMaA did not have a major impact on 
U.S. seafood trade. The policy implica- 
tions of this are not discussed, but it cer- 
tainly brings into question the effective- 
ness of active Federal promotion of U.S. 
exports (trade missions, fish-and-chips 
allocation policy) when global macroeco- 
nomic and biological events are the main 
drivers of the system. 

This paper, however, acknowledges 
that underneath the fishery sector re- 
sponses to exogenous forces, there are 
institutional changes occurring within the 
fishery sector that can be attributed to 
extended jurisdiction. The major premise 
of the study is that the vector of goods 
and services traded is not only a function 
of the demand for the goods and the cost 
of inputs, but also of the institutional ar- 
rangements, the level of expenditures to 
e1_force these arrangements and the sub- 
sec.uent property rights (Fig. 1). Thus, 
examining trade by just looking at quanti- 
ties and prices in the traditional trade 
models will not provide an adequate ex- 
planation of what is occurring. The re- 
mainder of this section is the authors’ at- 
tempt at a generalized framework to 
introduce these institutional factors into 
the traditional trade model. I applaud this 


56 





approach and believe the authors are on 
the right track. For the United States 
there has clearly been a shift in trade pat- 
terns that do not show up in the statistics. 
The United States is heavily involved in 
counter-trading which is exactly what its 
fish-and-chips policy is. Joint ventures 
emerged only when the MFCMA made 
them a necessity. 

I have one specific comment related to 
the equilibrium solution portrayed in Fig- 
ure 3. The solution depicted is a specific 
solution to the problem when the objec- 
tive is maximizing joint domestic and 
foreign rents. The marginal cost of for- 
eign D&E to the home country is zero, as 
is the cost to the foreign country of do- 
mestic D&E. For each country, it is opti- 
mal for the other to supply all the D&E. 
Also, each country has its own marginal 
benefit curve depending on the allocation 
of catch. It is also possible that the do- 
mestic country will extract more rent 
from the foreigners by negotiating for a 
level of foreign D&E at which marginal 
cost exceeds foreign marginal benefits. 

I believe the authors approach could be 
strengthened if a stronger tie is made to 
fisheries management. Enforcement of 
an exclusive economic zone will have 
different effects depending on the type of 
management that exists. In the typical 
U.S. case, there are strong property 
rights for the United States vs. the for- 


eign fishing nation. However, within the 
domestic fishery there are weak or no 
property rights. In this case, replacement 
of foreign fishing by an open access do- 
mestic fishery results in a shift in eco- 
nomic activity to the United States, but 
not necessarily any welfare gains, and 
thus, no returns to defense and enforce- 
ment. 

My final comment relates to an aspect 
of fisheries trade, management, and de- 
velopment not discussed in the paper, the 
impact of protectionist impori policies 
and export development on domestic 
fisheries. Many involved in making those 
policies are basing their decisions on the 
conventional wisdom that protection 
from imports will raise the price received 
by domestic producers and the quantity 
supplied. The problem is that the out- 
come is not at all clear in an open-access 
fishery. Prices will surely rise, but quan- 
tity supplied may fall if the fishery is in 
the backward bending portion of the sup- 
ply curve. The policy implications of 
these interactions are tremendous, given 
the current pressures for protectionist 
measures at the same time that fisheries 
managers are trying to limit domestic ef- 
fort. Development and discussion of 
these points would have made for a more 
complete discussion of the major issues 
involving fisheries trade, development 
and management. 
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The Horseshoe Crab, Limulus polyphemus, Fishery and 
Resource in the United States 


Introduction 


The American horseshoe crab, Limu- 
lus polyphemus (L.), has long been eco- 
nomically important despite its lack of 
food value to humans (Wells et al., 
1983). Crabs were ground into livestock 
feed and fertilizer between the 1870’s 
and 1920’s; the industry, centered in Del- 
aware Bay, reported annual harvests of 
over | million crabs (Shuster and Botton, 
1985). Economic considerations, public 
complaints about offensive odors, and 
possibly diminishing stocks contributed 
to the decline of this industry. 

Commercial interest in the species was 
revived by the discovery that its blood 
coagulates in the presence of minute 
quantities of gram-negative bacterial en- 
dotoxin (Novitsky, 1984). This unique 
property has been exploited to develop a 
sensitive bioassay product called Limulus 
amoebocyte lysate (LAL). Biomedical 
applications of LAL include testing of 
pharmaceutical products, monitoring 
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water purity in clinical laboratories, and 
screening for human diseases caused by 
gram-negative bacteria, including gonor- 
thea and spinal meningitis (Novitsky, 
1984). According to industry sources!, 
the demand for LAL may double by 
1990. 

The fishing mortality rate for horse- 
shoe crab populations has not been esti- 
mated. Adult crabs are collected as bait 
for American eel, Anguilla rostrata; 
whelk, Busycon sp.; and other fisheries 
(Pearson and Weary, 1980). Crabs are 
also destroyed purposely by fishermen 
aware of their importance as predators on 
soft-shell clams, Mya arenaria (Smith et 
al., 1955), and surf clams, Spisula so- 
lidissima (Botton and Haskin, 1984). 
Mortalities of horseshoe crabs collected 
for blood extraction will be minimized in 
the future because the crabs must now be 
returned ic the habitat within 72 hours 
after capture under a mandated conserva- 
tion measure by the U.S. Food and Drug 
Administration (FDA). Only adult crabs 
are bled and relatively few succumb to 


1J. Finn, Marine Biologicals Inc., Personal com- 
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tional Marine Fisheries Service, NOAA. 


the treatment. Rudloe (1983) estimated a 
10 percent mortality among bled animals 
compared with unbled controls. 

Adult horseshoe crabs are easily har- 
vested during the spring-summer mating 
season. Animals spawn in the middle to 
upper intertidal zone of sandy estuarine 
beaches, with the largest populations oc- 
curring in the middle Atlantic region, 
particularly Delaware Bay (Shuster, 
1982). They can be caught with a mini- 
mum of financial expense, since no spe- 
cial dredges or nets are required. At other 
times of the year, the crabs are subtidal, 
and are a common by-catch in otter 
trawls and clam dredges. 

The value of horseshoe crabs cannot be 
measured solely in biomedical or eco- 
nomic terms. In particular, their breeding 
cycle in Delaware Bay coincides with the 
Arctic-bound migration of at least 20 spe- 
cies of shorebirds (Wander and Dunne, 
1981; Botton, 1984). Delaware Bay is a 
critical “staging area” for many of these 
birds (Myers, 1983; Morrison, 1984; 
Dunne et al. 1982), and horseshoe crab 
eggs are probably their most- important 
food item (Wander and Dunne, 1981; 
Botton, 1984). 

As a species, horseshoe crabs have 
persisted for more than 200 million years; 





ABSTRACT—The American horseshoe 
crab, Limulus polyphemus, is a focus for 
increasing economic and scientific impor- 
tance because its blood has important 
biomedical applications and because the 
crab is used as bait in several fisheries. In 
addition, horseshoe crab eggs may be crit- 
ical as a source of food for migratory 
shorebird populations of the Delaware Bay 
region, and adult crabs are predators of 
valuable clam resources. Fishing-related 
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mortality in the United States is estimated 
minimally at 350,000 crabs per year, 
mostly in the middle Atlantic and southern 
New England states. Bait operations ap- 
parently kill (10-20 times the number of 
animals killed for bleeding to obtain the 
valuable Limulus amoebocyte lysate 
(LAL). Based on National Marine Fish- 
eries Service groundfish trawl surveys, the 
population of horseshoe crabs on the mid- 
dle Atlantic continental shelf has remained 


relatively constant since 1975 at 2.3-4.1 
million individuals. Exploitation may not 
be trivial, particularly if local populations 
are targeted during the spawning period; 
we suggest several foci for further investi- 
gations on this species. There is no evi- 
dence that current levels of harvesting are 
depleting the resource. It is important, 
however, to continue monitoring activity, 
particularly if levels of exploitation in- 
crease. 
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in spite of this, it is reasonable to ask 
whether the species would be resilient to 
intensified exploitation (Bang, 1979). 
This review considers the importance of 
commercial exploitation of horseshoe 
crabs based on their abundance, distribu- 
tion, and natural history. We discuss pos- 
sible effects of habitat degradation on 
horseshoe crabs and define critical gaps 
in the knowledge of the population ecol- 
ogy of horseshoe crabs requisite to con- 
serve this valuable species. 


Methods 


Published National Marine Fisheries 
Service (NMFS) statistical resumes from 
1964 to 1977, and unpublished statistical 
summaries at the Woods Hole Labora- 
tory of the NMFS Northeast Fisheries 
Center, through 1984, were used to docu- 
ment the estimated catch and value of 
horseshoe crabs in the United States, ex- 
clusive of the LAL industry. Data re- 
ported as weight landed were converted 
to approximate number of crabs by as- 
suming an average body weight of 1.8 kg 
(4 pounds) (Ropes et al.?). Fisheries 
statistics probably underestimate the 
catch, because most sales of crabs for 
bait are arranged between private indi- 
viduals, rather than through centralized 
dealers (R. Schultz, personal commun.). 
Therefore, we used fisheries statistics as 
conservative estimates, and supple- 
mented these data with the results of mail 
and telephone surveys of individuals with 
first-hand knowledge of horseshoe crab 
fishing within their local areas. 

Questionnaires were mailed to 96 per- 
sons or companies 1) active in the bait or 
LAL industries, 2) affiliated with Federal 
or State fisheries agencies, or 3) active in 
scientific research with horseshoe crabs. 
Respondents were asked about 1) the ap- 
proximate number of crabs caught in 
their local areas, 2) the season(s) in 
which they were caught, 3) the type of 
gear used, 4) the use(s) to which the ani- 
mals were put, and 5) whether these 
catches were, to their knowledge, in- 
cluded in the NMFS fisheries statistics 


Ropes, J. W., C. N. Shuster, Jr., L. O’Brien, 
and R. Mayo. 1982. Data on the occurrence of 
horseshoe crabs, Limulus polyphemus (L.), in 
NMFS-NEFC survey samples. Woods Hole 
Lab. Ref. Doc. 82-23, 40 p. 
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(to avoid possible duplication of num- 
bers). 

To estimate horseshoe crab abun- 
dance, we analyzed data from NMFS 
groundfish surveys which sampled the 
continental shelf from Cape Fear, N.C., 
north to the Gulf of Maine and Georges 
Bank (Botton and Ropes, In press; Ropes 
et al.”). Stations were selected following 
a stratified random design (Grosslein, 
1969) which delineates strata based on 
depth and area. Stratified mean numbers 
per tow of horseshoe crabs were con- 
verted into an estimate of standing stock 
by using the “area swept” by a standard 
survey trawl in relation to catch (in num- 
bers) as an estimate of minimum absolute 
density. Total populations were esti- 
mated by expanding the average strati- 
fied mean catch per tow by the ratio of 
total area surveyed to the area sampled by 
an average tow. Fall (September-early 
December) and Spring (March-May) sur- 
veys provided the most thorough cover- 
age of the middle Atlantic region, where 
crabs are most abundant; population esti- 
mates from 1975 to 1983 are included in 
this report. Most of the crabs retained by 
the trawl were adult size (Botton and 
Ropes, unpubl. data). Estimates must be 
considered as minimum population esti- 
mates because the trawls are equipped 
with rollers and do not sample crabs with 
100 percent efficiency; furthermore, 
horseshoe crabs occurring shoreward of 
the NMFS strata would not be included. 
Gear specifications and further analyses 


of the groundfish trawl data are available 
in Ropes et al.” and Botton and Ropes (In 
press). Estimates of horseshoe crab pop- 
ulations in several estuaries were ob- 
tained from published sources. 


Results 


Of 96 questionnaires mailed, we re- 
ceived 53 responses (55 percent), of 
which 46 (48 percent) provided detailed 
answers to most or all questions. Of these 
46 respondents, 10 were affiliated with 
private industry, 10 with state or local 
fisheries programs, 9 with the Federal 
government, and 17 with marine research 
facilities. Seventy-six percent of the re- 
spondents were from the middle Atlantic 
and southern New England regions, 
where commercial exploitation of the 
species is highest. Seven NMFS Fish- 
eries Reporting Specialists (persons re- 
sponsible for gathering commercial fish- 
eries statistics) responded to our survey 
in writing or orally. 

According to many of our sources, and 
the monthly fisheries statistics from the 
middle Atlantic states, most horseshoe 
crabs are caught during spring and sum- 
mer (Table 1), the seasons during which 
crabs are reproductively active. Many are 
caught by hand from the breeding 
beaches. Egg-bearing females are re- 
garded as superior bait for eels and 
whelks, and many fishermen wili not use 
males in their traps unless the supply of 
females is depleted. 








ee ee horseshoe crab catch (animais/year) in the United States, exclusive of animals used 
<r Sie, apediliinn. Gphaes eaiealin and cae aib guanected ta ender ob tapettanen. 
Time of Data 

Estimated catch Year! Methods of capture Major uses sources2 
ME Negligible FS, PC 
NH 1,200 23 Hand Research PC 
MA 7,500 2,3,4 Hand, dredge, trawl Whelk and eel bait, research PC 
RI 125,000-150,000 2,3,4 Hand, dredge, traw! Whelk and eel bait PC 
cT 0-4,000 23 Hand, dredge Whelk and eel bait PC 
NY <1,000 2,3,4 Dredge, trawl, pound net, hand = Whelk and eel bait PC 
NJ 10,000-15,000 2,3,4 Hand, dredge, trawl Whelk and eel bait PC 
DE 400,000-500,000 2,3 Hand, dredge, trawl Eel bait FS, PC 
MD 43,000-70,000 23 Dredge, trawl, hand Eel and other bait FS, PC 
VA 60,000 All Dredge, trawl, pound net Eel bait, research FS, PC 
NC 400-8,000 All Trawl Eel bait FS, PC 
sc Negligible FS 
GA Unknown PC 
FL 1,000 All Hand, trawl Research PC 
Total § 348,000-817,000 





Marine Fisheries Review 


Commercial Bait Fishery 


In New England, there is little or no 
harvesting of horseshoe crabs in Maine, 
New Hampshire, or Connecticut. In re- 
cent NMFS statistics, Connecticut has re- 
ported no more than 4,000 crabs in any 
recent year; none have been reported 
from Maine or New Hampshire (Table 
1). Born (1977) reported, however, that 
“adults by the truckload” were removed 
for bait from the Damariscotta River, 
Maine in 1976. 

Elsewhere in New England, horseshoe 
crabs are collected from Cape Cod Bay, 
Pleasant Bay, Nantucket Sound, Nan- 
tucket Harbor, and Buzzard’s Bay, 
Mass., and most significantly, Narragan- 
sett Bay, R.I. NMFS statistics have re- 
corded very few crabs from both states 
between 1964 and 1984, although re- 
spondents to the questionnaire estimated 
annual catches of at least several thou- 
sand crabs in Massachusetts and over 
100,000 in Rhode Island (Table 1). Re- 
cently, the demand for eels has been ex- 
tremely variable; the demand for eel bait 
has fluctuated accordingly (B. Kelly, 
W. Sargent, personal commun. ). 

The largest horseshoe crab fishery is 
located in the middle Atlantic states, al- 
though we experienced some difficulty in 
estimating numbers. NMFS. statistics 
from New York and New Jersey have 
recorded no more than a few hundred 
crabs per year since 1974. Three re- 
spondents from New York indicated the 
catch is probably larger than this, al- 
though definitive estimates could not be 
made. Six respondents from New Jersey 
estimated catches of about 10,000- 
15,000 crabs per year from all areas of 
the state, including Raritan Bay, Sandy 
Hook Bay and adjacent rivers, Delaware 
Bay, and offshore, principally from At- 
lantic City to Cape May. 

As recently as 1979, up to 500,000 
crabs were harvested annually from Del- 
aware, primarily for processing into 
chicken feed (W. Brey, personal com- 
mun.). The plant doing this is no longer 
operational, but harvesting for eel bait 
continues. Both the Chesapeake Bay and 
the ocean provide Maryland and Virginia 
fishermen with a substantial horseshoe 
crab resource. Recent NMFS statistics 
documented catches of 43,000-70,000 


49(3), 1987 


crabs from Maryland and some 60,000 
from Virginia (Table 1). 

Several thousand horseshoe crabs are 
caught in North Carolina for eel bait; 
south of there, uses are limited to lysate 
extraction and scientific research (Table 
1). 

Commercial LAL Fishery 


LAL manufacturers must return bled 
crabs to the habitat; hence, their crabs are 
not included in NMFS ‘sstatistics. At 
present, eight companies have FDA li- 
censes to manufacture LAL (Novitsky, 
1984). While the exact number of ani- 
mals bled by each firm is not available or 
is considered confidential, our question- 
naire responses suggest an average of 
about 20,000 per year. Thus, the total 
number of crabs bled may be about 
160,000. 


Commercial Fishing Summary 


The annual commercial catch of horse- 
shoe crabs for bait is estimated at be- 
tween 348,000 and 817,000 animals per 
year (Table 1). This figure omits possible 
contributions from states (New York, 
South Carolina, and Georgia) where ei- 
ther estimates were unavailable or too 
variable to utilize. The bleeding of crabs 
to obtain lysate imposes a 10 percent 
mortality (Rudloe, 1983); if about 
160,000 crabs are bled annually, then 
bleeding operations for lysate production 
may kill about 16,000 crabs per year. 
Several respondents emphasized that de- 
struction of crabs by fishermen in some 
locations may be as significant a source 
of mortality as either lysate bleeding or 
bait fishing. 


Population Estimates 


Based on NMFS surveys of the middle 
Atlantic continental shelf between 1975 
and 1983, there is a minimum population 
of some 2.3-4.1 million horseshoe crabs 
(Table 2). Although several surveys, no- 
tably Spring 1976 and Spring 1977, had 
considerably larger totals, there is no 
consistent trend in population size over 
the 9-year interval. About 98 percent of 
the population is located between Cape 
Hatteras (lat. 35°N) and New Jersey (lat. 
41°N), mostly at depths shallower than 
20 m (Botton and Ropes, In press). 

Horseshoe crab populations from Plum 


Table 2.—Estimated horseshoe crab population size (in 
millions of individuals) on the middie Atiantic continen- 


surveys. 
from the shoalward limit (8 m) to 27 m; “offshore” strata 
are deeper than 27 m. 











Horseshoe crab population 
Year Season Inshore Offshore Total 
1975 Spring Wa 0.000 wa 
Fall 1.265 0.065 1.330 
1976 Spring 7.376 5.100 12.476 
Fall 1.948 0.565 2.512 
1977 Spring 4.707 3.346 8.053 
Fall 2.530 0.906 3.436 
1978 Spring 1.688 0.502 2.190 
Fall 0.991 0.000 0.991 
1979 Spring 2.832 0.771 3.603 
Fall 2.818 0.622 3.440 
1980 Spring 1.126 1.465 2.591 
Fall 1.041 0.613 1.654 
1981 Spring 5.009 1.013 6.022 
Fall 1.820 0.615 2.435 
1982 Spring 1.214 0.725 1.939 
Fall 2.465 1.094 3.559 
1983 Spring 0.869 0.081 0.950 
Fall 1.987 0.288 2.275 
Mean Spring 3.103 1.034 4.137 
Mean Fall 1.874 0.418 2.292 





Island Sound, Massachusetts, Cape Cod 
Bay, Delaware Bay, Cold Spring Har- 
bor, New York, and a portion of the Gulf 
of Mexico have been estimated previ- 
ously (Table 3). A total estimate of the 
horseshoe crab population inshore of the 
NMFS surveys is difficult to obtain be- 
cause of the discrepancies in methods and 
the time interval between the survey 
dates. Moreover, there have been no 
quantitative studies in several key loca- 
tions, such as Chesapeake Bay, where 
horseshoe crabs are abundant (Shuster’). 

Of the estuaries studied, Delaware Bay 
has the largest population. Shuster and 
Botton (1985) estimated some 250,000 
animals spawning on one spring tide in 
June 1977, with a total adult population 
(over the entire spawning season) proba- 
bly several times this number. Thus, the 
total adult population size over all estuar- 
ies is several million individuals. Since 
crabs migrate between the estuaries and 
shelf (Botton and Haskin, 1984), one 
should not simply add the estuarine and 
shelf estimates to estimate the total popu- 





3Shuster, C. N., Jr. 1985. Introductory remarks 
on the distribution and abundance of the Ameri- 
can horseshoe crab, Limulus polyphemus, 
spawning in the Chesapeake Bay area. Pap. pres. 
at Natl. Mar. Educ. Conf. 30 July-3 August 
1985, Williamsburg, Va. 
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Table 3.—Previous horseshoe crab population 


Methods employed were (1) mark-recapture; (2) 


estimates. 
direct counts of animals along breeding beaches. 








Location “sos atod——_—opalaon Authority 
Cape Cod Bay 1949-1950 1 50,000-100,000 Shuster, 1950 

Plum Island Sound, Mass. 1952-1955 1 151,000-1,000,000 Baptist et al., 1957 

Cold Spring Harbor, N.Y. 1957 1 10,000-15,000 Sokoloff, 1978 

Marshes Sand Beach, Fla. 1976-1977 1 33,000 Rudioe, 1980 

Delaware Bay June 1977 2 274,000! Shuster and Botton, 1985 





1Estimate of the spawning population on one of several peaks during the mating season; total population in the bay 
was not estimated. 


lation, as that would create the potential 
for double-counting an unknown portion 
of the population. 

Discussion 

Do present levels of exploitation com- 
promise the survival of a horseshoe crab 
population large enough to sustain com- 
mercial enterprises? In recent years some 
348,000 to 817,000 adult crabs per year 
have been used for bait and feed, about 
16,000 killed during LAL operations, 
and an unknown quantity destroyed by 
clammers. Relative to an estimated 
standing stock of some 2-4 million ani- 
mals on the continental shelf, and an es- 
tuarine population of the same order of 
magnitude, exploitation is not a small 
factor in the crab’s demographic 
makeup. 

The LAL industry, whose handling of 
crabs is reguiated by the FDA, con- 
tributes far less to mortality than does the 
bait industry. Caution must be advised, 
however, in reviewing these data. The 
estimate of bleeding mortality uncriti- 
cally assumes Rudloe’s (1983) finding 
that crabs bled during the spring in Flor- 
ida had a 10 percent higher mortality than 
controls. It may be prudent to estimate 
bleeding mortality under a wider range of 
environmental conditions. We must also 
emphasize the difficulties we experi- 
enced in estimating the size of the bait 
fishery, because of the decentralized na- 
ture of these operations. 

Habitat modification is considered to 
be a principal factor in the declining pop- 
ulation of the ecologically similar 
Japanese horseshoe crab, Tachypleus tri- 
dentatus (Nishii, 1975). The Association 
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for the Conservation of Horseshoe Crabs 
was established in 1978 to protect this 
species (Sekiguchi and Nakamura, 
1979). The role of habitat degradation in 
the population dynamics of Limulus 
polyphemus may also be important. For 
example, beach stabilization practices in 
several communities along the New 
Jersey shore of Delaware Bay include the 
deposition of “clean fill” (bricks, cin- 
derblocks, and coarse gravel) in the inter- 
tidal zone. This practice diminishes the 
suitability of the habitat for egg laying. 

Furthermore, several estuaries with 
large horseshoe crab populations have 
been impacted by pollutants. In bio- 
assays, horseshoe crab eggs and juve- 
niles exhibited signs of sublethal stress 
(delayed moulting and elevated oxygen 
consumption) after exposure to oil or 
chlorinated hydrocarbons (Neff and 
Giam, 1977; Laughlin and Neff, 1977; 
Strobel and Brenowitz, 1981). Though, 
on balance, horseshoe crabs are more tol- 
erant of degraded water quality than 
many other marine organisms (Laughlin 
and Neff, 1977), the long-term synergis- 
tic effects of pollutants should be investi- 
gated. 

Life history statistics for horseshoe 
crabs are incompletely known, yet vital 
to an understanding of recruitment and 
population dynamics. For example, the 
estimated growth rate, 9-11 years to at- 
tain adult size, is based on evidence from 
a single aquarium specimen (Shuster, 
1950). Knowledge of longevity (14-19 
years) is based on the recoveries of seven 
tagged animals 4-6 years after release 
(Ropes, 1961). Estimates of fecundity 
are limited to seven females from Florida 





(Cohen and Brockmann, 1983) and 14 
females from Delaware Bay (Shuster and 
Botton, 1985). 

There is virtually no quantitative data 
on natural mortality in horseshoe crabs, 
although there are many potential preda- 
tors of eggs and larvae, most notably 
shorebirds and fish (reviewed by Shuster, 
1982; Wells et al., 1983). Extensive gill 
pathology caused by triclad flatworms 
(Groff and Leibovitz, 1982) and cyano- 
bacteria (Leibovitz, In press) has been 
noted in both wild and captive crabs, but 
the possible significance of these dis- 
eases at the population level is unknown. 
Even if our estimates of population size 
and fishing-related mortality were com- 
pletely reliable, predicting the possible 
outcome of harvesting cannot be made 
without fundamental life history data. 

In our opinion, based on the present 
fishery and population size, there is no 
immediate threat to the survival of Limu- 
lus polyphemus. There is no evidence 
from the NMFS surveys of the middle 
Atlantic continental shelf that popula- 
tions are declining under present harvest 
levels. This does not imply that popula- 
tions cannot potentially be overfished. 
As early as the late 1880’s, decreasing 
CPUE was recorded by the Delaware Bay 
crab fishery (Smith, 1889). The size of 
the Delaware Bay spawning population 
during the early 1950’s was about one 
order of magnitude smaller than in the 
late 1970’s (Shuster and Botton, 1985), 
suggesting that recovery from the inten- 
sive fertilizer industry required several 
decades. It is unlikely that present com- 
mercial uses of horseshoe crabs will ever 
remove as many individuals as did the 
fertilizer industry, even allowing for a 
considerable expansion of LAL uses, but 
this does not remove the potential for 
detrimental effects of intensive fishing on 
local populations. In particular, the 
NMFS trawl data strongly suggests that 
populations in New England are at least 
partially isolated from the large middle 
Atlantic population (Botton and Ropes, 
In press). It must also be recognized that 
critical spawning areas have been, or are 
likely to be, adversely impacted by 
coastal development and _ pollution. 
Moreover, the present bait fishery is se- 
lective for egg-bearing females, which 
could threaten both horseshoe crab repro- 
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ductive success and the shorebirds (in 
Delaware Bay) dependent on these eggs. 
Finally, the relationships and importance 
of the crabs to the ecosystem are poorly 
understood but are important. Close 
scrutiny of the horseshoe crab resource 
will be necessary in the future so as to 
provide for appropriate management. 
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The Decline of the Sea Urchin, Tripneustes ventricosus, Fishery of 
Barbados: A Survey of Fishermen and Consumers 


ROBERT E. SCHEIBLING and PHILIP V. MLADENOV 


Introduction 


Sea urchins are harvested for their go- 
nads, which are a highly prized delicacy 
in parts of Asia, the Mediterranean, and 
the Caribbean. Worldwide, the sea 
urchin fishery is the most important of all 
of the echinoderm fisheries, with re- 
ported landings of 47,560 metric tons (t) 
(live weight) in 1982 (Sloan, 1985). In 
addition, artisanal sea urchin fisheries 
along the coasts of many tropical coun- 
tries go largely unrecorded. These fish- 
eries make important contributions to 
local economies, and some may have the 
potential to be expanded to meet certain 
export markets. At present, Japan is the 
greatest consumer of sea urchin roe, im- 
porting it from at least 13 countries 
(Sloan, 1985). 


In Barbados, West Indies, a local but 
economically important fishery for the 
sea urchin Tripneustes ventricosus has 
existed for more than a century. Barbadi- 
ans consider the gonads of both sexes a 
delicacy aud large numbers of these “sea 
eggs” have been fished each year and 
sold as food. Since 1879, the Barbados 
Government has imposed a closed season 
for the fishery from May to August, the 
peak of the breeding season (Lewis, 
1958), in an effort to conserve it (Bair, 
1962). However, the abundance of these 
sea urchins in Barbados has declined dra- 
matically over the past decade, and the 
fishery has virtually collapsed. 

In this study we document the recent 
decline of the Barbados sea urchin fish- 
ery and its socioeconomic impact by in- 
terviewing both fishermen and con- 





ABSTRACT—For over a century, Bar- 
badians have fished the sea urchin, Trip- 
neustes ventricosus, for its roe which they 
consider a traditional delicacy. However, 
the abundance of these sea urchins has de- 
clined drastically in recent years resulting 
in the collapse of this fishery. Interviews 
with sea urchin fishermen and consumers 
document this decline and its socioeco- 
nomic impact. 

The depopulation of T. ventricosus oc- 
curred along the south and southeast coasts 
of Barbados in the late 1970’s and along 
the east coast in the early 1980's. Prior to 
this decline, sea urchins were intensively 
harvested: Average catches exceeded 
1,000 sea urchins per person per day dur- 
ing the height of the fishing season, provid- 
ing an average income of nearly $400 Bds 
(or US $200) per person per week. At 
present, sea urchins are rare to absent on 
traditional fishing grounds, and although 
their market value has increased substan- 
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tially ($25-45 Bdslliter in 1985), there has 
been a major loss of employment and in- 
come from this fishery. 

Overfishing appears to be a major cause 
of the decline of T. ventricosus. A govern- 
ment-imposed closed season during the 
peak breeding period of these sea urchins 
(between May and August) is not enforced 
and generally unheeded. Pollution may 
have contributed to the decline through the 
deterioration of natural habitats, particu- 
larly the seaweed and seagrass beds upon 
which these sea urchins depend for food 
and shelter. 

Recovery of populations of T. ventrico- 
sus is contingent upon recruitment via 
planktonic larvae; however, little is known 
about the mechanisms of recruitment and 
the ecology of the early life history stages. 
Artificial enhancement of recruitment, by 
seeding natural habitats with laboratory 
cultured juveniles, is a potential means of 
rehabilitating the sea urchin fishery. 


sumers. Since landings are not recorded 
and quantitative records of sea urchin 
abundance in Barbados do not exist, this 
is the only means of obtaining such infor- 
mation. Moreover, these interviews pro- 
vide a basis for assessing the cause and 
consequences of the decline, and the po- 
tential for rehabilitation of the fishery. 


Methods 


Fishermen Interviews 


We interviewed 40 sea urchin fisher- 
men using a prepared questionnaire 
(copies available from the first author). 
The questionnaire was divided into three 
parts: 1) Personal information and fishing 
and marketing practices, 2) questions 
pertaining to the decline in the fishery, 
and 3) questions pertaining to the cause 
of the decline and the potential for reha- 
bilitation. The interviewees ranged in age 
from 21 to 77 years (X = 43 years). The 
majority were veteran fishermen—37 
(52 percent) had fished sea urchins for 
=10 years, 25 (63 pecent) had fished 
>20 years; only 3 (6 percent) had fished 
<5 years. The interviews were con- 
ducted at major fishing centers (Brid- 
getown, Oistins), as well as in smaller 
villages (Silver Sands, Long Bay, 
Skeete’s Bay, Conset Bay) (Fig. 1). We 
enlisted the assistance of one fisherman, 
Tim Jones of Long Bay, who acted as our 
liaison in soliciting interviewees. Before 
an interview, fishermen were told only 
that we were researchers from Canadian 
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Figure 1.—Places 


and 


subareas (A, B, C) of sea 
urchin fishing grounds re- 


ferred to in the text. 


universities, unaligned with the Barbados 
Government, and that we wished to ac- 
quire information about the sea urchin 
fishery that may aid in attaining research 
assistance. 


Consumer Interviews 


Sixty Barbadian consumers were inter- 
viewed by anthropology students from 
Union College, N.Y., using a prepared 
questionnaire (copies avaiiable from the 
first author). The questionnaire was 
aimed at examining consumer preference 
for sea urchins and consumption habits. 
The respondents, representing various 
socioeconomic groups and occupational 
categories, were from the four northern 
parishes: St. Lucy (26), St. Peter (18), 
St. Andrew (9), St. James (7). 


Results 
Fishing Methods 


Fishermen collect Tripneustes ventri- 
cosus by skin diving with mask, snorkel, 
and fins. They swim out from shore, 
singly or in pairs, with a floating log 
(“pole”) from which they suspend large 
net bags or sacks. Sea urchins, 7-10 cm 
in diameter, are scraped off the rocky 
bottom with a small iron rod and col- 
lected in the bags which, when full, are 
floated back to shore on the pole. Alter- 
natively, sea urchins may be collected in 
floating wooden boxes or rafts. 

Fishermen may also work in teams 
from a boat, either a small rowboat 
(“Moses”) or a larger (~20-foot) diesel- 
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powered fishing boat (“day boat”). The 
number of fishermen per boat ranges 
from 2 to 6 with an average of 4 (N=20 
respondents'). Sixty-five percent of the 
fishermen interviewed used both the 
pole-and-bag method and boats to fish for 
sea urchins; 25 percent used the pole- 
and-bag method exclusively. 

In general, fishing methods have 
changed very little. The face mask and 
fins were introduced about 15-20 years 
ago. Although scuba is now available 
(and used by some spear fishermen) it is 
not used in the collection of sea urchins. 
The increasing scarcity of sea urchins has 
resulted in a greater dependence on boats 
for fishing reinote populations in areas of 


'Where not all interviewees provided answers to 
a question, the number of respondents (N) is 
given. 


heavy wave action. In the past many sea 
urchins were collected in shallow 
nearshore areas by wading with net bags 
or rafts. 


Fishing Grounds 


The current Tripneustes ventricosus 
fishing grounds range from Silver Sands 
on the south coast to Bath on the east 
coast (Fig. 1). This area is partitioned 
into three subareas for the purpose of this 
study: Area A, Silver Sands to Crane 
Beach; Area B, Crane Beach to Ragged 
Point; Area C, Ragged Point to Bath. 

Ninety-five percent of the fishermen 
interviewed fished in Area B and/or Area 
C. Three respondents indicated that, in 
recent years, they had ventured as far as 
River Bay on the north coast to fish sea 
urchins. Sea urchins also were fished ex- 
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Figure 2.—Percentage of sea urchin 
fishermen fishing in each month 
when Tripneustes ventricosus were 
last abundant. 


tensively at Stroud Bay on the north coast 
in the early 1980’s.? 

In Barbados, T. ventricosus occurs on 
patch reefs composed mainly of coral 
rubble, but often with scattered live 
corals, algae (mainly Dictyota spp.), or 
sea grass (mainly Thalassia testudinum). 
At present, sea urchins are fished at 
depths of 5-8 m in areas immediately 
within or beyond the offshore barrier reef 
along the southeast and east coasts of 
Barbados. 


Fishing Season 


Most of the fishing for T. ventricosus 
is concentrated in the first half of the sea- 
son between September and December 
(Fig. 2). Sixty-five percent of fishermen 
interviewed admitted that they fished in 
the closed season, mainly in July and Au- 
gust. This may be a conservative estimate 
since some respondents may have been 
reluctant to admit to illegal fishing. All 
respondents claimed that fishing in July 
and August (known locally as “stealing 
season”) is a common practice among sea 
urchin fishermen. 

September and October represent the 
height of the sea urchin fishing season 
when virtually all of the fishermen are 
active. Eighty-seven percent of respond- 
ents (N=30) claimed that sea urchins 
were most abundant at or before the start 


Stephen Willoughby, Fisheries Division, Min- 
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of the season in September. Therefore the 
decline in the number of fishermen fish- 
ing in November and December may re- 
flect a decrease in the abundance of sea 
urchins due to intensive fishing at the 
start of the season. A marked decrease in 
the number of sea urchin fishermen oc- 
curs after December, when many begin 
fishing for flying fish, Cypselurus 
cyanopterus . 

The average (+S.D.) number of sea 
urchin fishing days per week reported by 
respondents (N=24) was 5 (+1) days. 
Since this did not include 14 respondents 
who said that they fished every day that 
weather permitted, this may be a conser- 
vative estimate of fishing frequency, at 
least at the height of the fishing season. 


Marketing 


Sea urchins are fished in the morning, 
usually during a 3- to 4-hour period. Nor- 
mally, the catch is brought ashore where 
several helpers may assist in removing 
the roe. The test of the sea urchin is 
cracked open by hitting it with a spoon. 
The gut is removed and the five gonads 
are scooped out with the spoon and 
washed in sea water. The roe is then 
packed into intact cleaned tests through 
an opening in the oral region, and a leaf 
of the sea grape, Coccoloba uvifera, 
fashioned into a cone and filled with roe, 
is then placed over the oral region of the 
test (Fig. 3). Each “shell” as it is called, 
contains the roe of about 15 sea urchins?, 
although the number of sea urchins 
needed to fill a shell may vary according 
to their size and reproductive condition. 
The unused tests are discarded in the sea 
or buried in large pits dug in the beach 
sand. 

In recent years, many fishermen have 
elected to forego the traditional method 
of preparing shells, and they now pack- 
age the roe in 1 or 2 liter plastic ice cream 
containers. One liter is equal to about 10 
shells.? 

When boats are used, the roe may be 
removed at sea by “crackers” who contin- 
ually process the catch as it is brought 
aboard. The cleaned tests and guts may 





3Tim Jones, sea urchin fisherman, Long Bay, 
Barbados. Personal commun. 


be discarded on the fishing grounds, al- 
though a number of fishermen that we 
interviewed denounced this practice, 
Claiming that it caused the sea urchins to 
migrate away from the area. There may 
be some truth to this contention, since 
other species of sea urchins have been 
shown to be repelled by the scent of 
wounded conspecifics in laboratory 
(Tegner and Levin, 1983; Mann et al., 
1984) and field (Snyder and Synder, 
1970; Vadas et al., 1986) studies. 

The catch is sold fresh on the beach 
directly to local consumers or to vendors 
(“hawkers”) who market the roe in the 
streets. Twenty percent of the fishermen 
we interviewed sold to hawkers. Occa- 
sionally, sea urchin roe also is sold to 
restaurants. The current price of the roe, 
quoted by the fishermen, ranged from $3- 
6 Bds per shell (average: $4.77 Bds; 
N=22 respondents) or $25-45 Bds per 
litre container (average: $37.30 Bds; 
N=14).‘ The price of roe has increased 
markedly in recent years. Fishermen re- 
called that a shell generally sold for $1-2 
Bds in the early 1980’s. 


Fishery Decline 


In recent years there has been a 
catastrophic decline in ventricosus stocks 
in Barbados, and at present (1986) the 
fishery has effectively collapsed. Ac- 
cording to fishermen, this decline oc- 
curred initially along the south (Area A) 
and southeast (Area B) coasts between 
the middle 1970’s and early 1980’s, and 
extended to the east coast (Area C) in the 
early 1980’s (Table 1). In general, fisher- 
men noted that the decline of sea urchins 
along the south and southeast coasts was 
gradual, occurring over 2 or more years, 
whereas on the east coast it occurred 
within 1 or 2 years. 

The dramatic decrease in abundance of 
sea urchins is reflected by the dwindling 
catches in recent years. The average 
catch rate reported by fishermen for the 
period when sea urchins were last abun- 
dant (late 1970’s and early 1980’s) was 
78.7+37.7 shells per person per day 
(range=30-150 shells per person per day; 


‘In 1986, $1.00 Bds = US $0.50. 
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Table 1.—The estimated period of decline in abundance 
of 








Tripneustes around Barbados based on 

interviews with fishermen. 
Avg. year No. of re- 

Area of decline 
A. Silver Sands 1978 1973-81 11 
B. Crane Beach/ 19791 1975-83 12 

Sam Lord’s Castle 
C. East Coast 1982 1981-83 14 





1Five respondents (not included) reported that the decline 
occurred in the late 1970's-early 1980's. 


N=29 respondents). This is equivalent to 
about 8 liters (fresh roe) per person per 
day or 1,180 sea urchins per person per 
day. In contrast, all of the fishermen in- 
terviewed agreed that, at present, sea 
urchins are rare to absent on traditional 
fishing grounds. The average catch rate 
reported by those still fishing was 
9.4+7.1 shells per person per day (range: 
2-24 shells per person per day; N=9). 
This is equivalent to about 0.9 liters 
(fresh roe) per person day or 140 sea 
urchins per person per day. 

Aside from this drastic decrease in the 
abundance of sea urchins, many fisher- 
men also noted qualitative changes in the 
resource in recent years. Thirty-eight 
percent of respondents (N=34) claimed 
that the size of sea urchins that they 
fished had decreased, 34 percent (N=32) 
claimed that the amount of roe per sea 
urchin had decreased, and 49 percent 
(N=37) claimed that sea urchins had be- 
come less palatable, or “bitter”, as the 
stock declined. Decreases in size, go- 
nadal content, and palatability were at- 
tributed mainly to a reduction in the 
quantity and quality of algae (“moss”) 
upon which the sea urchins feed. 


Cause of the Decline 


Sixty-two percent of the fishermen in- 
terviewed believed that pollution was the 
major cause of, or contributing factor to, 
the T. ventricosus decline in Barbados. 
Many felt that pollution acted to reduce 
algae, an important source of food and a 
shelter for juvenile sea urchins. Some 
claimed that herbicides used in the sugar 
cane industry killed off sea urchins in 
areas of freshwater runoff (e.g., Conset 
Bay and Bath). Others blamed oil 
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Figure 3.—Marketing of Tripneustes ventricosus in Barbados. From left to right: The 
traditional “shell” with a sea grape leaf cone, shell with leaf removed to show test filled 
with roe, and an intact sea urchin. All specimens are about 6 cm in horizontal test 
diameter. 


pollution and effluents from hotels, such 
as chlorinated swimming pool water. A 
few felt that erosion of the coastline, due 
to the formation of sea walls and groins, 
had caused increased sedimentation and a 
reduction in algal cover. 

Twenty-two percent of fishermen 
claimed that overfishing was the cause of 
the decline of sea urchin stocks. The re- 
maining 16 percent cited various other 
factors including fishing with dynamite, 
offshore migration of the sea urchins, and 
disease. 


Rehabilitation 
When fishermen were asked what 


could be done to rehabilitate the sea 
urchin fishery, 42 percent of respondents 


(N=31) suggested a total ban on fishing 
for 1-5 years, and 29 percent called for 
stricter enforcement of the closed season. 
Twenty-three percent felt that the gov- 
ernment should investigate means of 
reestablishing sea urchin stocks, includ- 
ing transplantation of reproductive indi- 
viduals to depleted areas. Two of the 
respondents recounted previous trans- 
plantation efforts, initiated by sea urchin 
fishermen in the 1950’s, in which popu- 
lations were reestablished via recruitment 
in artificially restocked areas. Scheibling 
and Johnson (1985) relate a similar ac- 
count.° 





5Copies of reports to the Fisheries Division of 
Barbados are available from the senior author 
upon request. 
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Socioeconomic Impact 
of the Decline 


The collapse of the sea urchin fishery 
of Barbados has resulted in a major loss 
of employment. Most of the fishermen 
interviewed claimed that they now fished 
less frequently or had stopped altogether. 
Table 2 shows a dramatic decline in the 
estimated number of sea urchin fisher- 
men in three major fishing areas. Esti- 
mates of numbers of fishermen in the past 
(i.e., when sea urchins were last abun- 
dant) are only rough approximations. 
Many of the fishermen interviewed sim- 
ply stated that there were “innumerable” 
people fishing sea urchins in the past. 
The Fisheries Division of Barbados has 
estimated that the number of people em- 
ployed by the sea urchin fishery has been 
reduced from “over 1,000” in the early 
1970’s to “less than 100” at present.® 
. Sixty-three percent of the responding 
fishermen (N=30) claimed that sea 
urchins, when abundant in the past, ac- 
counted for a major portion (>50 per- 
cent) of their yearly income. The average 
(+S.D.) weekly income reported was 
$386 Bds (+ 164) per week (range: $100- 
700 Bds; N=29 respondents) during the 
fishing season. This closely approxi- 
mates an indirect estimate of $395 Bds 
per week based on the estimated catch 
rate (79 shells per person per day and 
fishing frequency (5 days per week) 
given above, and assuming a previous 
market value of $1 Bds per shell (in about 
1980). In contrast, 77 percent of the fish- 
ermen reported they presently (1985-86 
season) had no income from this fishery, 
and the remaining 23 percent claimed 
that sea urchins accounted for only a 
minor portion (<25 percent) of their 
yearly income. The average present in- 
come reported was $21 Bds per week 
(range: $0-100 Bds, N=34 respondents). 
Therefore, despite the dramatic rise in 
market value of sea urchin roe over the 
last 5 years, there has been a serious loss 
of employment income from sea urchin 
fishing. © 

The collapse of the sea urchin fishery 





Stephen Willoughby, Fisheries Division, Bar- 
bados. Personal commun. 
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Table 2.—Estimated numbers of sea urchin fishermen 
in three major fishing areas around Barbados, both be- 
fore and after the decline in sea urchin abundance. Data 











Number of fishermen 
Pre- Post- % de- 
Area decline decline crease 
A. Silver Sands/ 150 (100- 7 (0-12;7) 95 
Oistins 300;5) 
B. Sam Lord's 46 (30- 11 (5-25;7) 76 
Castle/Long Bay 100;4) 
C. Skeete's Bay/ 41 (20- 3 (0-8;9) 93 
Conset Bay 100;6) 





is expected to place additional pressure 
on other resources, most notably flying 
fish, as sea urchin fishermen attempt to 
compensate for their loss of income. The 
flying fish and sea urchin fisheries appear 
to have been complementary: 68 percent 
of the sea urchin fishermen interviewed 
also fished flying fish. Most indicated 
that they usually stopped sea urchin fish- 
ing around the middle of December when 
the flying fish season began. Twenty per- 
cent also earned income from spear fish- 
ing and shell collecting, 5 percent from 
farming, and 7 percent from miscella- 
neous jobs. 

Aside from the loss of employment 
and income, the collapse of the sea 
urchin fishery represents the loss of an 
important food resource. Barbadians 
have long cherished sea urchin roe as a 
traditional delicacy (Nutting, 1919). It 
may be eaten raw, fried with seasoning, 
steamed, or baked in a pudding. Seventy- 
two percent of the consumers inter- 
viewed (N=60) rated sea urchin roe as 
“good” (28 percent) or “excellent” (44 
percent), i.e., a “3” or “4” rating, respec- 
tively, on our 4-point scale. The average 
numerical rating was 3.0. Positive evalu- 
ations generally were based on taste and 
nutritional value, although three (male) 
respondents intimated that consumption 
of sea urchin roe enhanced sexual 
performance. Seventy-two percent of the 
consumer respondents (N=53) believed 
that sea urchin roe was an important com- 
ponent of their diet in the past. Only 15 
percent of the consumers either did not 


like the roe or found it otherwise unac- 
ceptable (rating “1”). One-third of these 
consumers abstained from eating sea 
urchin roe for religious reasons. 

When consumers were asked to com- 
pare sea urchin roe with fish, 30 percent 
preferred the roe over most (8 percent) or 
all (22 percent) fish, i.e., a rating of “4” 
or “5S” respectively on our 5-point scale. 
Fifty-eight percent of consumers liked 
sea urchin roe as much as fish (rating 
“3”). The average numerical rating was 
2.9. 

All consumers interviewed noted that 
sea urchin roe had become much less 
available and much more expensive in 
recent years. In the past, the roe was 
eaten an average of 4 days per week 
(N=35 respondents). In contrast, 69 per- 
cent of consumers (N=33 respondents) 
in 1986 claimed that they now no longer 
ate sea urchin roe and 23 percent ate it 
only 1 day per week. 

The consumers sampled in this study 
lived in the northern part of Barbados, an 
area distant from the main sea urchin 
fishing areas around the south and south- 
east coasts. Therefore, our estimates of 
sea urchin roe consumption may be lower 
than that for consumers in the southern 
part of the country. Although sea urchin 
fishermen may represent a bias in the 
other direction, 98 percent of those inter- 
viewed (N=40) ate the roe and consid- 
ered it a delicacy. Ninety-three percent of 
the fishermen claimed that they ate the 
roe whenever they caught sea urchins. 
Eighty-eight percent reported that all, or 
nearly all, members of their family ate 
sea urchin roe, and 10 percent reported 
that most members of their family ate it. 


Discussion 
Decline in Sea 
Urchin Abundance 


As revealed by fishermen interviews, 
there has been a major decline in T . ven- 
tricosus abundance at Barbe“os over the 
past decade. Recent surveys of tradi- 
tional fishing grounds have confirmed 
fishermen’s reports that these sea urchins 
are rare to absent in areas where they 
were once extremely plentiful (Scheib- 
ling and Johnson, 1985; Scheibling et al., 
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1985). A few localized aggregations of 
T. ventricosus still exist in some of the 
more remote and inaccessible areas. 
Densities within these aggregations range 
from 0.4 to 3.8 individuals/m’, which 
may be indicative of natural densities of 
these sea urchins in the absence of inten- 
sive fishing pressure (Schcibling and 
Johnson, 1985). At other islands where 
they are not fished, average densities of 
T. ventricosus in seagrass, Thalassia tes- 
tudinum , beds ranged from 0.6 to 1.2 
individuals/m?  (Scheibling, 1982; 
Keller, 1983; Tertschnig, 1985). Com- 
parative data on the abundance of T. ven- 
tricosus at Barbados in the past are lack- 
ing, although fishermen frequently 
reported that they were so abundant “that 
it would be difficult to place one’s hand 
upon the bottom without touching a sea 
urchin.” 

There is evidence of past declines in 
the Barbadian 7. ventricosus fishery. In 
the late nineteenth century, complaints 
about declining numbers of sea urchins 
prompted the government to pass the Sea 
Egg Preservation Act of 1879 which pro- 
hibited fishing during what was believed 
to be the spawning period, April to Au- 
gust (Bair, 1962). This legislation was 
reinforced by the Fisheries Regulation 
Act of 1904-05, again in response to 
complaints of decline, with more severe 
penalties (fines and imprisonment) for 
the fishing, sale, or purchase of sea 
urchins during the closed season (Bair, 
1962). 

Fourteen of the fishermen we inter- 
viewed recalled previous declines in the 
abundance of T. ventricosus along the 
south or east coasts, which they placed 
between 20 and 40 years ago. However, 
they also noted that sea urchins were 
scarce only for | or 2 years, after which 
they returned to former levels of abun- 
dance. Brown (1942) reported that the 
1941 season “was a poor one.” 

Between 1954 and 1957, Lewis (1958) 
studied a population of 7. ventricosus 
near Speightstown on the west coast of 
Barbados. Although sea urchins were 
abundant and commercially exploited 
along parts of the west coast at that time’, 


7}, B. Lewis, Redpath Museum, McGill Univer- 
sity, Montreal, Que., Can. Personal Commun. 
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they have since all but disappeared. With 
the elimination of the west coast popula- 
tions, sea urchin fishing was limited 
largely to the south and east coasts. The 
recent decline of sea urchin populations 
in these latter areas marks the culmina- 
tion of a long-term trend which now ex- 
tends islandwide. 


Cause of the Decline 


An understanding of the factors which 
have brought about the T. ventricosus de- 
cline in Barbados is of crucial importance 
in assessing the potential for recovery of 
the fishery. The spatial and temporal pat- 
tern of depopulation suggests that over- 
fishing has been a major cause of, or con- 
tributing factor to, the demise of these 
sea urchins. The decline in sea urchin 
populations seems to have occurred ini- 
tially in the most accessible areas and 
spread progressively to more remote 
areas. It is quite possible that once sea 
urchin populations were depleted on the 
sheltered west coast, fishing intensified 
firstly along the south coast and then 
along the more exposed southeast, east, 
and north coasts, as fishermen ventured 
further afield in search of exploitable 
stocks. The gradual decline in T. ventri- 
cosus along the south and southeast 
coasts in the late 1970’s was followed by 
a rapid decline on the east coast in the 
early 1980’s due to a dramatic increase in 
fishing pressure on the only remaining 
populations. 

To estimate the extent of fishing pres- 
sure on T . ventricosus in the early 1970's 
we made the following assumptions 
based on interview data: 1) There were 
500 sea urchin fishermen (this is about 
twice the average number given for three 
major centers in Table 2 and about half of 
the number estimated by the Fisheries Di- 
vision, Barbados); 2) on average 71.5 
percent of these fishermen were fishing 
during the first 4 months of the season 
(September to December, Table 1); 3) 
each fished an average of 5 days per 
week; and 4) the average catch rate was 
1,180 sea urchins per person per day. 
This gave an estimate of 34 million sea 
urchins caught during the height of the 
season. We then assumed that this repre- 
sented about 75 percent of the total an- 
nual catch (which included catches dur- 


ing the other 4 months of the season as 
well as closed season fishing) to give an 
estimated total catch of 45 million sea 
urchins per year. To estimate the areal 
extent of the sea urchin fishing grounds, 
we multiplied the length of the coastline 
between Silver Sands and Bath, 34 km 
(measured by digitizing the coastline on a 
map of scale 1:50,000), by 1 km, the 
estimated average offshore range of T. 
ventricosus . This gave an estimated area 
of 34 km?. Dividing the estimated annual 
catch by this area gives a catch density of 
1.3 individuals per m’, which seems to 
be a reasonable reflection of the prede- 
cline level of abundance. Although these 
calculations are only crude approxima- 
tions, they do indicate that sea urchin 
populations were subjected to intense 
fishing pressure in the past. 

Interestingly, although only 22 percent 
of the fishermen that we interviewed be- 
lieved that overfishing was the cause of 
the decline in sea urchins, 71 percent 
thought that strict regulatory measures, 
such as a total ban on fishing or rigid 
enforcement of the closed season, would 
enable the stock to recover. 

Most fishermen felt that pollution has 
caused the decline in T. ventricosus , ei- 
ther directly or indirectly by reducing the 
abundance of seaweeds and sea grasses. 
Although pollution of coastal habitats by 
terrestrial effluents is a growing problem 
in Barbados (Lewis, 1985; Tomascik and 
Sander, 1985), sea urchin populations 
have been depleted in areas (such as the 
southeast and east coast) which are re- 
mote from major sources of pollution. 
Moreover, the existence of dense popula- 
tions of these sea urchins in areas that are 
least accessible to fishermen also points 
to overfishing rather than pollution as a 
major factor. It seems likely, however, 
that a general deterioration in habitat 
quality, due to chemical pollution, silta- 
tion, dynamiting, and other anthropo- 
genic changes in the environment, may 
have reduced the resilience of sea urchin 
populations to intensive fishing, thereby 
precipitating the catastrophic decline that 
occurred over the past decade. 

In 1983, an outbreak of disease caused 
mass mortalities of another sea urchin, 
Diadema antillarum , at Barbados (Hunte 
et al., 1986) and throughout the 
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Caribbean (Lessios et al., 1984a). A few 
of the fishermen that we interviewed 
claimed to have seen T . ventricosus with 
characteristic symptoms of disease (ex- 
tensive spine loss, loss of attachment to 
the substratum), although these observa- 
tions were not coincident with the D . an- 
tillarum die-off. In other parts of the 
Caribbean, 7 . ventricosus , T . williamsi , 
and other sea urchin species apparently 
were unaffected by the disease which 
devastated D . antillarum (Lessios et al., 
1984b). In any event, the major T. ven- 
tricosus decline in Barbados preceded the 
1983 epizootic and cannot be attributed 
to it. 


Recruitment and Recovery 


The potential for recovery of T . ventri- 
cosus populations in Barbados is contin- 
gent upon recruitment via planktonic lar- 
vae. Unfortunately, information on 
recruitment and early life history of this 
species is lacking. Lewis (1958) found 
that recruitment was seasonal in Bar- 
bados. Metamorphosing larvae were 
common in the plankton between June 
and August, and recently settled juve- 
niles were abundant in September. Lewis 
inferred a planktonic larval period of 
about | month based on the occurrence of 
successive larval stages in a series of 
plankton samples. This is consistent with 
our recent laboratory studies (Miadenov 
and Scheibling, unpubl. data) and those 
of Mortensen (1921), in which cultured 
larvae took 3-4 weeks to reach a final 
stage of development, although meta- 
morphosis has not been observed in labo- 
ratory cultures. 

The relatively long planktonic larval 
stage (probably greater than | month) in- 
creases the likelihood of long-distance 
dispersal of T. ventricosus by ocean cur- 
rents. Barbados receives oceanic water 
from the Amazon River region, via the 
Guiana current, and from the North 
Equatorial Current (Borstad, 1982). 
Therefore, larvae recruiting in Barbados 
may originate from populations off the 
coast of South America. Alternatively, 
local oceanographic features, such as 
eddy systems (Emery, 1972), may retain 
even long-lived larvae from local popula- 
tions in the vicinity of Barbados. 

Clearly these alternatives have impor- 


tant implications for assessing the poten- 
tial for recovery and in formulating future 
management strategies. If recruits origi- 
nate from local breeding populations, 
then overfishing these populations, espe- 
cially during the peak spawning period, 
would lead to an accelerated decline in 
stocks. Conversely, if recruits are 
derived from distant populations, fishing 
of local stocks should not have as great an 
impact, unless the presence of adults en- 
hances larval settlement and/or postmeta- 
morphic survival (Tegner and Dayton, 
1977). 

Tripneustes ventricosus juveniles may 
occur in habitats differing from those of 
adults. Off Sam Lord’s Castle, we found 
juveniles on sand flats, whereas adults 
occupied rubble reefs (Scheibling and 
Johnson, 1985; Scheibling et al., 1985). 
Lewis (1958) found recently settled T. 
ventricosus juveniles under rocks and in 
crevices in shallow rock flats on the west 
coast of Barbados. Aggregations of juve- 
niles also have been found in shallow 
wave-exposed areas in the Bahamas 
(Moore et al., 1963) and in St. Croix, 
U.S. Virgin Islands (Scheibling, per- 
sonal observ.), and in seagrass beds in 
Bermuda (McPherson, 1965; Tertschnig, 
1985). 

Predation on juveniles may be impor- 
tant in limiting recruitment to adult popu- 
lations of T . ventricosus . The cryptic be- 
haviour of juveniles presumably is a 
means of avoiding visual predators such 
as fish. Keller (1983) found that recruit- 
ment of T . ventricosus in seagrass beds at 
Jamaica occurred only in cages which ex- 
cluded fish. Barbadian fishermen report 
that reef fish, particularly the queen trig- 
gerfish, Balistes vetula, are important 
predators of juvenile T . ventricosus , and 
this could account for the scarcity of ju- 
veniles on reefs where adults are abun- 
dant. The rapid growth rate of juveniles 
may enable T. ventricosus to escape in 
size from fish predators. Lewis (1958) 
showed that T. ventricosus attained re- 
productive maturity at 40-60 mm test 
diameter and grew 60-80 mm in their first 
year. A better understanding of recruit- 
ment patterns and factors influencing 
growth and survival of the early life his- 
tory stages of T. ventricosus is impera- 
tive for the formulation of sound manage- 


ment policies and assessment of the 
potential for recovery of the sea urchin 
fishery. 


Rehabilitation 


The occurrence of dense aggregations 
of T. ventricosus in a few remote areas 
around Barbados (Scheibling and John- 
son, 1985) suggests that large popula- 
tions of sea urchins can be reestablished 
in coastal habitats, at least along the less 
developed southeast and east coasts. For 
this to occur, remedial measures should 
be implemented to prevent any further 
depletion of the resource and to facilitate 
the recovery of populations. Such mea- 
sures may include: 1) A moratorium on 
sea urchin fishing for at least 1 year, 2) 
establishment of reserves where sea 
urchin fishing is prohibited, and 3) strict 
enforcement of the closed season. 

Although most of the fishermen agreed 
that such measures could potentially re- 
habilitate the sea urchin fishery, they also 
expressed grave doubts that they could be 
enforced. The general feeling was that 
one could not prevent a poor man, whose 
livelihood depended on his catch, from 
fishing sea urchins as long as they were 
available. The sporadic and apparently 
unsuccessful attempts of the government 
to impose a closed season attest to the 
difficulties of acceptance and enforce- 
ment of such regulatory measures. 

An alternative approach would be to 
artificially enhance T. ventricosus re- 
cruitment by aquacultural techniques. 
Larvae and early juvenile stages could be 
reared in the laboratory and juveniles 
could be released in large numbers in se- 
lected natural habitats or protective en- 
closures in the field (e.g., c..., s or rafts). 
Techniques for rearing T. ventricosus 
larvae are being developed (Mladenov et 
al., 1985, Mladenov and Scheibling, un- 
publ. data), and juveniles have been 
grown in the laboratory and in field en- 
closures on a variety of algal foods 
(Lewis, 1958; Lilly, 1975). Moreover, 
fishermen claim to have successfully re- 
stocked areas by transplanting breeding 
adults. Therefore, in our view, artificial 
stock enhancement through aquaculture 
presents a feasible and promising means 
of rehabilitating the fishery in areas 
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where pollution and food supply are not 
limiting factors. 

The recent collapse of the sea urchin 
fishery in Barbados has socioeconomic 
ramifications which transcend the loss of 
employment and hardship for the fisher- 
men and their families. Many Barbadians 
consider the loss of this traditional food 
source as an historical and cultural 
tragedy. The fundamental concern, how- 
ever, is the loss of a nutritious staple 
food. 

Clearly, both basic and applied re- 
search are needed to investigate the po- 
tential for rehabilitation of this sea urchin 
fishery. Although the need for such re- 
search is probably more pressing now 
than ever, it initially was advocated by 
C.C. Nutting (1919) almost 70 years 
ago: 


There is no doubt that this sea-egg is 
a valuable food product, being ex- 
ceedingly nutritious and quite palat- 
able; and it is now the basis of an 
industry of no mean proportion and 
might by judicial legal and scientific 
encouragement be greatly enlarged, 
much to the advantage of our 
friends, the Barbadians. A labora- 
tory for the scientific investigation 
of the problem of protection, based 
on a better knowledge of the life his- 
tory of the species, could easily be 
established....and pay for itself 
many times over in a rational control 
and encouragement of the industry. 
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The 1986 Subsistence Harvest of Northern Fur Seals, Callorhinus 
ursinus, on St. Paul Island, Alaska 


STEVEN T. ZIMMERMAN and MARIAMNA D. MELOVIDOV 


Introduction 


There has been no commercial har- 
vesting of northern fur seals, Callorhinus 
ursinus , on the Pribilof Islands, Alaska, 
since the Interim Convention on Conser- 
vation of North Pacific Fur Seals expired 
in 1984. During 1985 and 1986, northern 
fur seals were harvested on St. Paul and 
St. George Islands to meet only the di- 
etary (subsistence) needs of Aleut resi- 
dents. A summary of the 1985 subsis- 
tence harvest on St. Paul Island is found 
in Zimmerman and Letcher (1986). This 
paper summarizes the 1986 harvest on St. 
Paul Island and contrasts the two years. 


Methods 


In 1985 data were collected on 1) the 
number of seals killed each day, 2) the 
weight of seal meat taken daily for 
human consumption, and 3) the daily 
percent use being made of seals. We col- 
lected the same data in 1986 except for 
the weight of meat being taken for human 
consumption. In 1985 the daily weight of 
seal meat being taken for human con- 
sumption was estimated by weighing a 25 
percent sample of the meat immediately 
after butchering on the harvest field. Be- 
cause the weighing of meat was viewed 
by St. Paul residents as an intrusive activ- 
ity, seal meat was not weighed in 1986. 
Instead, the amount of meat being taken 
each day for human consumption was es- 
timated by weighing approximately a 10 
percent sample (range 6-16 percent; total 
number of samples = 117) of carcasses 
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before and after butchering. The ratio of 
these values (individual carcass weights 
after butchering divided by individual 
carcass weights before butchering) was 
subtracted from 100 to determine the 
daily mean percent use which was being 
made of animals (i.e. number 3 above). 
These mean daily estimates of percent 
use were reduced by 5 percent to account 
for blood loss during the butchering proc- 
ess (Zimmerman and Letcher, 1986). 
This mean daily percent use value was 
then multiplied by the mean daily begin- 
ning weight of unbutchered animals, and 
then by the number of animals killed, to 
estimate the weight of meat taken each 
day for human consumption. An attempt 
was made to collect similar data during 
the subsistence harvest on St. George Is- 
land. Such a small number of seals were 
taken, however (124), and the butchering 
process proceeded so rapidly, that is was 
impossible for the single observer to ob- 
tain a representative number of unbiased 
samples. 


Results and Discussion 


To provide labor for driving, stunning, 
and removing pelts from seals, several of 
the governmental entities on St. Paul Is- 
land (Tanadgusix Corporation, City of 
St. Paul, Tribal Government of St. Paul) 
volunteered small numbers of their paid 
staff to participate in the harvest each 
day. To avoid requests for overtime, har- 
vest hours were scheduled to coincide 
with the end of each working day (2:00- 
4:30 p.m. each afternoon, Monday 
through Friday) rather than beginning at 
5:00 a.m. which had been the traditional 
harvest time. The number of contributed 
individuals involved each day in the 1986 
harvest seldom exceeded 12, substan- 


tially less than the approximately 30 per- 
sons employed in the 1985 harvest. Part 
of this decrease in labor occurred because 
no seal pelts were processed for potential 
commercial use in 1986, as they had been 
in 1985. Therefore, a processing plant 
crew was not used in the harvest. 

In 1985 the average daily harvest was 
approximately 225 seals (Table 1). Meat 
not removed from the harvest field by 
individuals for immediate personal use in 
1985 was taken to a processing building 
where it was either salted or frozen and 
then stored for future community use. 
Because there was very little demand for 
this community-stored meat during the 
months which followed, there was no 
community storage of meat during the 
1986 harvest. Instead, the 1986 harvest 
was carried out on a daily demand basis. 
Each day’s take in 1986 (Table 2; 
mean = 65 seals per day) was based on 
the number of orders placed with the 
Conservation Officer for the Tribal Gov- 
ernment of St. Paul. The total number of 
seals taken in 1986 on St. Paul Island was 
only 38 percent (1,299; Table 2) of the 
number taken in 1985 (3,384; Table 1). 

Animals taken in 1986 were signifi- 
cantly smaller (one-way ANOVA; 
p < 0.01) than those taken in 1985. The 
overall mean of carcass weights follow- 
ing lancing of the heart was 23.4 kg (51.7 
pounds) in 1986; in 1985 the mean was 
28.5 kg (62.8 pounds). This reduction in 
mean animal weight coincided with an 
apparent reduction in the mean age of 
animals harvested. There was a greater 
percentage of 2-year-old animals taken in 
1986 (38 percent) than in 1985 (7 per- 
cent). Most of the animals taken during 
the 1985 harvest (78 percent) were 3- 
year-old animals. In 1986 3-year-old ani- 
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Table 1.—Northern fur seal 1985 subsistence harvest data, St. Paul island, Alaska (from Zimmerman 
and Letcher, 1986). 

















Mean Percent use 
No. of carcass Total wt. Wt. of meat of entire 
animals plus of meat per animal animal after 
Date Area taken wt. (kg) taken (kg) taken (kg) lancing heart 
717 Northeast Point 200 2,594 13.0 
7A8 Polovina 200 28.4 2,490 12.4 43.8 
79 Little Zapadni 197 2,482 12.6 
7/22 Zapadni 203 29.4 2,614 12.9 43.8 
7/23 Reef 500 28.8 6,389 12.8 443 
7/24 Northeast Point 202 28.7 2,400 11.9 415 
7/25 Kitovi 200 27.3 2,588 12.9 47.4 
7/26 Tolostol 200 28.5 2,499 12.5 43.8 
7/29 Zapadni 200 29.9 2,245 11.3 37.9 
7/30 Reef 200 27.8 2,598 13.0 46.8 
7/31 Northeast Point 202 28.5 2,518 12.5 43.7 
8/01 Polovina 225 28.2 2,950 13.1 46.5 
8/02 Toistol 216 29.5 2,802 12.9 44.0 
8/05 Zapadni, L. Zap. 238 28.0 2,623 11.0 39.3 
8/06 Zolotol 201 27.3 2,589 12.9 47.1 
Totals 3,384 28.5 42,381 12.5 43.8% 
Table 2.—Northern fur seal 1986 subsistence harvest data, St. Paul island, Alaska 
Percent use 
No. of Initial Total wt. Wt. of meat of entire 
animals carcass of meat per animal animal after 
Date Area taken wt. (kg) taken (kg) taken (kg) lancing heart 
7/14 Reef 50 23.7 595 11.9 50.2 
7/15 Zapadni 19 27.3 304 16.0 58.7 
7/16 Little Zapadni 51 25.6 663 13.0 50.7 
77 Polovina 51 25.8 675 13.2 51.3 
7/18 Northeast Point 64 23.5 788 12.3 52.3 
7/21 Reef 49 26.0 666 13.6 52.2 
7/22 96 27.0 1,226 12.8 47.4 
7/23 Little Zapadni 31 25.2 388 12.5 49.6 
7/24 Polovina 54 23.1 641 11.9 51.3 
7/25 Northeast Point 102 23.6 1,317 12.9 59.7 
7/28 Reef 60 20.0 420 7.0 35.0 
7/29 Lukanin 59 23.1 598 10.1 43.9 
7/30 Little Zapadni 27 22.7 377 14.0 61.4 
7/31 Polovina 33 21.8 241 7.3 33.5 
8/01 Northeast Point 56 22.0 499 8.9 40.5 
8/05 Reef 83 21.6 725 8.7 40.5 
8/06 Zapadni 82 20.3 686 8.4 41.1 
8/07 Little Polovina 80 23.7 898 11.2 47.4 
8/08 Northeast Point 181 23.8 1,711 9.5 39.6 
9/27 Little Zapadni 71 22.0 994 14.0 63.6 
Totals 1,299 23.41 14,412 11.1 47.22 





1Mean computed using all values (n=127) rather than by averaging daily means. 
2Mean computed using all values (n=117) rather than by averaging daily means. 


mals accounted for only 54 percent of 
harvested animals (Fowler!). We believe 
this reduction in size and age of harvested 
animals reflects an Aleut preference for 
younger animals for food. Greater selec- 
tivity in the size of animals to be killed 
was possible in 1986 because smaller 
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numbers of animals were harvested from 
each pod. 

The mean weight of meat taken per 
seal in 1986 was 11.1 kg (24.4 pounds), 
somewhat less than the 12.5 kg (27.5 
pounds) per seal taken in 1985. This dif- 
ference results from the decreased size of 
animals taken. Percent use of animals 
was not significantly higher (one-way 
ANOVA; p = 0.07) in 1986 (47.2 per- 
cent) than it was in 1985 (43.8 percent). 
However, there did appear to be an in- 


crease in the use of hind quarters in 1986. 
In 1985, the butchering was done by a 
harvest crew under the direction of a 
foreman. Consequently, butchering was 
quite uniform each day; shoulders, flip- 
pers, chests, hearts, livers, backbones 
and ribs were taken from each seal for 
human consumption. Very few hind 
quarters were taken in 1985, and no 
pelts, blubber, skulls or internal organs 
other than hearts and livers were con- 
sumed (Zimmerman and Letcher, 1986, 
described the butchering process). In 
1986 butchering was done by individuals 
taking the meat for their own use. Al- 
though the quantity and types of meat 
butchered from carcasses by individuals 
in 1986 were less consistent than the 
quantity and types of meat which were 
butchered for community use in 1985, 
many individuals in 1986 were observed 
removing only the skull, pelt, blubber 
and internal organs and then taking the 
rest of the carcass intact along with the 
heart and liver. 

The harvest in 1985 was terminated 
by Federal Regulation on 8 August 
(USDOC, 1985). In 1986, it was possible 
for each island to extend its harvest 
through 30 September (USDOC, 1986) 
providing subsistence needs had not been 
met and the number of female seals taken 
was less than 0.5 percent of the total 
number of animals killed. Although both 
islands applied for and were granted ex- 
tensions, very little harvesting occurred 
during the 9 August-30 September pe- 
riod”. Only 71 seals were harvested dur- 
ing this period on St. Paul Island. All 
were taken on 27 September (Table 2)’. 

The estimated amount of meat taken 


2Residents of St. Paul Island had planned to con- 
tinue harvesting during the extension period. 
However, in mid-August about 100 seals were 
found dead from unknown causes on St. George 
Island. Concern for the health of harvestable 
seals throughout the Pribilof Islands caused St. 
Paul residents to wait several weeks to sec if an 
epidemic-type situation was developing which 
might cause the meat to be unfit for human con- 


sumption. 

3The 1986 regulations (USDOC, 1986) specified 
that harvesting after 8 August had to be termi- 
nated if the total number of females taken ex- 
ceeded 0.5 percent of all animals harvested. Res- 
idents of St. Paul Island terminated their harvest 
on 27 September because 12 of the 71 animals 
taken on that day were female, thereby putting 
the total number of females taken (15) over the 
0.5 percent allowable female take. 
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on St. Paul Island for human consump- 
tion in 1986 was 14,412 kg (31,706 
pounds). This was about one-third of the 
amount taken in 1985 (42,381 kg; 93,435 
pounds). In 1985, however, only 28,800 
kg of that total remained available for use 
on St. Paul Island after losses due to 
spoilage (3,400 kg), shipment to St. 
George Island (8,200 kg) and shipment to 
other Aleut communities (2,000 kg) were 
subtracted (Zimmerman and Letcher, 
1986). Of this total, about 22,500 kg 
were frozen and 3,900 kg were salted. 
The remaining 2,400 kg are believed to 
have been taken directly from the harvest 
field for personal use. A survey of the St. 
Paul community freezer in March 1986 
indicated that about two-thirds of the 
22,500 kg of frozen meat from 1985 re- 
mained unused (estimated 15,000 kg). 
About one-third of the 3,900 kg of salted 
meat from 1985 was also unused at that 
time (estimated 1,300 kg). Most of this 
Teat was later thrown away because it 
consisted of undesirable or untraditional 
cuts (ribs, backbones) or because it was 
perceived by St. Paul residents to have 
been handled and preserved under unsan- 
itary conditions. 

Thus, if no spoilage or export of meat 
from the 1986 harvest occurs, more meat 
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from the 1986 harvest (14,412 kg) may 
be eaten than was consumed from the 
1985 harvest (estimated 12,500 kg)*. As- 
suming that the permanent native popula- 
tion on St. Paul Island is 483 (USDOC, 
1981), the 1986 harvest of 14,412 kg 
(31,700 pounds) would allow a theoreti- 
cal average daily consumption of 0.08 kg 
(about 3 ounces) of seal meat (with bone) 
per person per day. This is less than the 
previous estimates of seal meat consump- 
tion in the Pribilof Islands which indi- 
cated a per capita consumption of about | 
pound per day (see review in Zimmerman 
and Letcher, 1986). Surveys conducted 
by the Tribal Government during the har- 
vest extension period, however, indi- 
cated that only 359 more seals would 
have been required to meet the demands 
of St. Paul residents (Kozloff>). Harvest- 
ing this additional number of seals would 





4This 12,500 kg total is based on an estimated 
consumption of 7,500 kg of meat which was 
frozen by the community, an estimated con- 
sumption of 2,600 kg of meat which was salted 
by the community, and an estimated consump- 
tion of 2,400 kg of meat which was taken for 
personal use before the meat was stored by the 
community. 

5Patrick Kozloff, Tribal Government of St. Paul, 
St. Paul Island, AK 99660. Personal commun. 





only have resulted in an additional 4,000 
kg of meat, or about 0.02 kg (less than 1 
ounce) more meat per person per day. 
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U.S. Tuna Trade Summary, 1985 


SAMUEL F. HERRICK, Jr., and STEVEN J. KOPLIN 


Introduction 


For the U.S. tuna industry, 1985 ap- 
peared to be a year of relative calm fol- 
lowing 3 years of turmoil that saw the 
closure of four canneries in California 
and Hawaii, as well as a significant re- 
duction in U.S. tuna harvesting capacity. 
Although not as tumultuous, 1985 was a 
continuation of recent trends character- 
ized by further attrition of the U.S. tuna 
fleet, decreased cannery deliveries of do- 
mestically caught tuna, a decline in U.S. 
cannery production, and increased im- 
ports of canned tuna. 

The development of significant new 
tuna fisheries in the Indian Ocean and the 
western Pacific Ocean and improved 
catch rates in traditional fishing areas in 
recent years are factors which have led to 
greatly increased supplies of raw tuna 
available through the international mar- 
ket. As a result, ex-vessel prices have 
fallen sharply to levels below what it 
costs to harvest tuna for many of the ves- 
sels in the U.S. fleet. The opportunity to 
reduce production costs by purchasing 
tuna through the international market, 
particularly at a time when revenues were 
being severely squeezed by intense com- 
petition from canned imports, moved 
U.S. processors to revise their raw tuna 
procurement strategies. 

Historically, processors relied on close 
integration with the U.S. fleet to secure 
dependable supplies of low-cost tuna 
which were then supplemented through 
imports to meet processing requirements. 


Samuel F. Herrick, Jr. is with the Southwest 
Fisheries Center, National Marine Fisheries Ser- 
vice, NOAA, 8604 La Jolla Shores Drive, La 
Jolla, CA 92038. Steven J. Koplin is with the 
Southwest Region, National Marine Fisheries 
Service, NOAA, 300 South Ferry Street, Termi- 
nal Island, CA 90731. 
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With reliable supplies of tuna available 
from numerous sources outside the 
United States, however, long-term sup- 
ply arrangements with the U.S. fleet are 
no longer as critical and processors have 
lessened their reliance on U.S. vessels. 
Confronted by reduced cannery support 
and by ex-vessel prices below the ves- 
sel’s breakeven production level, many 
vessels were compelled to leave the fleet. 
By the close of 1985, the U.S. tropical 
tuna fleet had experienced a 15 percent 
loss in number and a 12 precent reduction 
in carrying capacity and, for the first time 
in recent history, no new vessels entered 
the fishery. 

With the reduction in domestic proc- 
essing capacity that occurred during 
1984, U.S. cannery receipts! of imported 
and domestically caught albacore, Thun- 
nus alalunga (white meat) and tropical 
(light meat) tunas (skipjack tuna, Euthyn- 
nus pelamis; yellowfin tuna, T. al- 
bacares; blackfin tuna, T. atlanticus;, 
bluefin tuna, 7. thynnus; and bigeye 
tuna, T. obesus) fell sharply in 1985. The 
total volume was 468,956 short tons 
(tons), a decrease of 11 percent in total 
volume from 1984 and 15 percent below 
the 1980-84 average volume of annual 
cannery receipts (Table 1). Cannery de- 
liveries by domestic vessels amounted to 
213,808 tons in 1985, 16 percent below 
deliveries for 1984 and 14 percent below 
the 5-year average from 1980 to 1984 
(Table 1). Raw tuna imports made up the 
255, 145-ton balance in total cannery sup- 


'Cannery receipts include only tuna destined for 
U.S. canneries. Cannery receipts exclude U.S.- 
caught tuna landed at foreign sites, U.S.-caught 
tuna landed at U.S. sites that is destined for 
foreign canneries, U.S.-caught tuna destined for 
the fresh-fish market, tuna imported as flakes, 
imported tuna not fit for human consumption, 
and imported “sushi” grade tuna. 


plies for 1985, a 5 percent decrease in 
imports from 1984 and 16 percent below 
the 1980-84 annual average for imports. 
Direct exports? of domestically caught 
tuna totaled 34,797 tons in 1985, up 7 
percent from 1984 and 324 percent 
greater than the 5-year average. When 
exports of domestically caught tuna are 
combined with domestic deliveries to 
U.S. canneries, total U.S. deliveries 
amounted to 248,605 tons for 1985, 13 
percent less than the corresponding 
amount for 1984 and 4 percent less than 
the 5-year average. 

The western Pacific Ocean’ was the 
predominant production area for the U.S. 
fleet in 1985, providing 129,431 tons or 
52 percent of the domestically caught 
cannery receipts and direct exports for 
the year (Table 2). Total domestically 
caught deliveries from this area de- 
creased 31 percent from 1984, however, 
and as a share of total domestically 
caught deliveries by oceanic area, west- 
erm Pacific deliveries decreased 21 per- 
cent from 1984. The western Pacific was 
also the area from which most of the raw 
tuna imports originated in 1985—74,356 
tons, or 29 percent of total imports by 
oceanic area (Table 3). 

The decrease in western Pacific fishing 
activity by the U.S. fleet during 1985 can 
be largely attributed to prevailing eco- 
nomic conditions and increased yields of 
yellowfin tuna in the eastern Pacific 
Ocean following the El Nifio conditions 
of 1982-83. The lowest ex-vessel prices 
in 5 years, particularly for skipjack tuna, 
and exceptionally good fishing for yel- 


2In this report, exports include tuna landed di- 
rectly in or transshipped to a foreign country; 
excludes tuna exported from the U.S. east coast. 

eastern and western Pacific for this report 
are distinguished at long. 150°W. 
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Table 1.—U.S. tuna cannery receipts (short tons) by processing site and direct exports, 1980-85. 


























80-84 80-84 
Species 1980 1981 1982 1983 1984 1985 Avg. 1980 1981 1982 1983 1984 1985 Avg. 
Domestic 
Albacore 8,078 14,855 6,965 10,466 10,323 5,608 10,137 20 2 4 3,565 1,245 718 
Skipjack tuna 99,386 83,880 82,669 113,465 94,152 66,716 94,711 15,781 13,950 18,781 41,608 51,441 17,304 28,312 
Yellowfin tuna’ 100,523 100,117 93,468 90,052 59,907 35,365 88,813 18,693 26,049 24,800 30,044 35,193 87,571 26,956 
Subtotal 207,987 198,852 183,102 213,983 164,382 107,689 193,661 34,494 40,001 43,581 71,656 90,199 106,120 55,986 
Imported? 
Albacore 37,664 43,241 33,928 22,750 21,962 20,030 31,909 46,147 44,056 60,670 50,105 70,882 75,122 54,372 
Skipjack tuna 103,556 72,189 45,837 50,633 28,737 18,026 60,190 105,075 115,820 82,178 84,675 106,136 74,606 98,777 
Yellowfin tuna’ 36,091 39,293 17,811 14,081 12,685 10,169 23,993 38,382 44,295 33,402 24,251 29,045 57,192 33,874 
Subtotal 177,311 154,723 97,576 87,464 63,384 48,225 116,092 189,604 204,171 176,250 159,031 206,063 206,920 187,023 
Grand total 385,298 353,575 280,678 301,447 227,766 155,914 309,753 224,098 244,172 219,831 230,687 296,262 313,040 243,009 
Direct exports? Total 
80-84 80-84 
Species 1980 1981 1982 1983 1984 1985 Avg. 1980 1981 1982 1983 1984 1985 Avg. 
Domestic 
Albacore 62 108 34 8,098 14,857 7,027 10,470 13,996 6,853 10,889 
Skipjack tuna 918 292 387 45 15,388 19,669 3,406 116,085 98,122 101,837 155,118 160,981 103,689 126,429 
Yellowfin tuna’ 1,339 1,087 3,864 538 16,980 15,128 4,762 120,555 127,253 122,132 120,634 112,080 138,064 120,531 
Subtotal 2,257 1,379 4,313 583 32,476 34,797 8,202 244,738 240,232 230,996 286,222 287,057 248,606 257,849 
Imported? 
Albacore 83,811 87,297 94,598 72,855 92,844 95,152 86,281 
tuna 208,631 188,009 128,015 135,308 134,873 92,632 158,967 
Yellowfin tuna’ 74,473 83,588 51,213 38,332 41,730 67,361 57,867 
Subtotal 366,915 358,894 273,826 246,495 269,447 255,145 303,115 
Grand total 2,257 1,379 4,313 583 32,476 34,797 8,202 611,653 599,126 504,822 532,717 556,504 503,751 560,964 





lincludes bigeye, blackfin, and bluefin tuna. 

2includes only imported tuna destined for canning; excludes tuna imported as flakes, tuna not fit for human consumption, and “sushi” grade tuna. 
Pramsmnpbecs cat. hein: bechanen soa het bev teem excludes tuna exported from the east coast. 

Source: Statistics and Market News, Southwest Region, NMFS, NOAA. 


Table 2.—U.S. domestic tuna cannery receipts and direct exports! (short tons) by ocean of origin, 1980-85 (none from Indian Ocean). 


























Albacore Skipjack tuna 
80-84 80-84 
Species 1980 1981 1982 1983 1984 1985 Avg. 1980 1981 1982 1983 1984 1985 Avg. 
E. Atlantic 2 2 62 13 2,458 3,327 27 21 1,167 
W. Atlantic 18 4 4 1 5 25 108 3 944 2,079 216 
E. Pacific 7,690 13,954 5,099 9,434 13,409 6,021 9,917 101,344 74,116 59,264 40,181 22,359 4,992 59,453 
W. Pacific 388 897 1,866 1,032 587 831 954 12,258 20,571 42,546 114913 137,678 96,618 65,593 
Total 8,098 14,857 7,027 10,470 13,996 6,853 10,889 116,085 98,122 101,837 155,118 160,981 103,689 126,429 
Yellowfin tuna2 Total 
80-84 80-84 
Ocean 1980 1981 1982 1983 1984 1985 Avg. 1980 1981 1982 1983 1984 1985 Avg. 
E. Atlantic 1,898 1,966 1,087 990 4,358 5,295 1,176 21 2,170 
W. Atlantic 517 502 115 70 1,550 4,185 551 560 614 115 77 2,494 6,265 772 
E. Pacific 116,947 110,251 96,640 65,863 60,753 101,897 90,091 225,981 198,321 161,003 115,478 96,521 112,910 159,461 
W. Pacific 1,193 14,534 24,290 54,701 49,777 31,982 28,899 13,839 36,002 68,702 170,646 188,042 129,431 95,446 
Total 120,555 127,253 122,132 120,634 112,080 138,064 120,531 244,738 240,232 230,996 286,222 287,057 248,606 257,849 





‘includes tuna landed directly or transshipped to a foreign country; excludes tuna exported from the east coast. 
2includes bigeye, blackfin, and bluefin tuna. 
Source: Statistics and Market News, Southwest Region, NMFS, NOAA. 


lowfin tuna (the light meat species that both domestic and foreign markets) ledto ern Pacific Ocean during 1985. A record 
commands the highest ex-vessel price in a resurgence of U.S. fishing in the east- catch of yellowfin tuna (218,920 tons) 
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Table 3.—U.S. imported tuna cannery receipts’ (short tons) by ocean of origin, 1980-85. 





















































Albacore Skipjack tuna 
80-84 80-84 
Ocean 1980 1981 1982 1983 1984 1985 Avg. 1980 1981 1982 1983 1984 1985 Avg. 
E. Atlantic 14,567 17,105 19,815 16,935 27,392 30,655 19,163 40,318 67,011 49,417 34,358 35,882 10,828 45,397 
Ww. Atlantic 15,016 16,894 21,129 16,127 17,209 25,486 17,275 6,546 8,754 17,119 18,070 9,059 20,650 11,910 
E. Pacific 418 22 48 243 439 234 23,981 9,409 11,916 4,501 9,245 17,146 11,810 
W. Pacific 36,808 43,638 35,374 23,226 32,340 28,667 34,277 132,283 95,119 44,017 72,742 72,699 30,427 83,372 
Indian 17,002 9,638 18,232 16,324 15,464 10,344 15,332 5,503 7,716 5,546 5,637 7,988 13,581 6,478 
Total 83,811 87,297 94,598 72,855 92,844 95,152 86,281 208,631 188,009 128,015 135,308 134,873 92,632 158,967 
Yellowfin tuna2 Total 
80-84 80-84 
Ocean 1980 1981 1982 1983 1984 1985 Avg. 1980 1981 1982 1983 1984 1985 Avg. 
E. Atlantic 6,589 19,561 9,320 4,618 3,258 5,075 8,669 61,474 103,677 78,552 55,911 66,532 46,558 73,229 
W. Atlantic 2,194 5,200 3,058 6,446 3,259 10,910 4,031 23,756 30,848 41,306 40,643 29,527 57,046 33,216 
E. Pacific 30,891 16,039 19,200 7,492 9,222 29,572 16,569 55,290 25,470 31,164 12,236 18,906 46,718 28,613 
W. Pacific 34,060 41,340 18,800 18,814 23,799 15,262 27,363 203,151 180,097 98,191 114,782 128,838 74,356 145,012 
Indian 739 «1,448 835 962 2192 6542 1,235 23,244 18802 24613 22923 25,644 30,467 23,045 
Total 74,473 83,588 51,213 38,332 41,730 67,361 57,867 366,915 358,894 273,826 246,495 269,447 255,145 303,115 
en only imported tuna destined for canning; excludes tuna imported as flakes, tuna not fit for human consumption, and “sushi” grade tuna. 
Includes bigeye, blackfin, and bluefin tuna. ry 
Source: Statistics and Market News, Southwest Region, NMFS, NOAA. 
was reported from the Inter-American Table 4.—U.S. supply of canned tuna, volume and value, 1975-85. 
Tropical Tuna Commission’s yellowfin cine Case pack supply (1,000 standard cases)! --------------- 
regulatory area. The U.S. fleet accounted Sonnspemmeaianett 
for almost 39 percent of the eastern Canned 
Pacific yellowfin tuna catch in 1985, an Year —_ White %8 Light % imports? = % Total 
amount representing the largeset contri- 1975 5.296 178 21,854 733 2650 89 29,800 
bution to domestically caught light meat aia <iiiiinn die lk ae a ae pot 
tuna cannery receipts by oceanic area for 1978 7,528 194 28615 738 2655 68 38,798 
the year 1979 6129 17.7 25678 743 2,754 8.0 34,561 
. 1980 5825 17.1 25,049 73.4 3,259 95 34,133 
The loss of west coast and Hawaii bei ota aaa tas je ; cae os aa 
processing capacity and a significant in- 1983 5.444 149 24844 680 6273 17.1 36,561 
crease in imports of foreign packed tuna be Sl I — Po a 
contributed to a decrease in overall U.S. 
canned tuna production (27.9 million 2 eT een 
standard cases") of 11 percent from 1984 1975 136678 196 515957 738 45,951 6.6 698,586 
(Table 4). When canned imports were 1976 212869 231 640594 696 67502 7.3 920,965 
combined with U.S. production, the total 1977 240,734 25.3 665,880 70.0 44,658 47 951,272 
mS ae 1978 296506 222 976,754 73.0 63,822 48 1,337,082 
addition to U.S. canned supplies in 1985 1979 243,851 209 859,998 736 65,071 55 1,168,920 
was 38.9 million standard cases, a 2 per- 1980 252,290 20.3 891,237 71.9 97,254 78 1,240,781 
chet . 1981 204292 228 885,846 686 110,359 8.6 1,290,497 
cent decline from that in 1984 (Table 4). 1982 275400 267 643,046 623 113,346 11.0 1,031,792 
. : 1983 197,011 198 661586 664 137,324 138 995,921 
Canned imports set a new record in 1985, 1984 255,997 246 616,280 593 © 167,268 «916.1 1,099,545 
reaching 11.0 million standard cases. 1985 269,887 26.2 © 550,882 © 53.5 209,138 §= 20.3. = 1,029,907 


This represents a 32 percent increase 
from 1984 and an increase of 237 percent 
since 1980. Imports were dominated by 
tuna packed in water which is subject to 


4For ease of comparison, a standard case will 
consist of 48 6.5-ounce cans or 19.5 pounds. In 
1985, processors began packing albacore (white 
meat) tuna in 6.5 ounce cans rather than 7.0 
ounce cans. Therefore, a standard case of white 
meat tuna decreased from 21.0 pounds to 19.5 
pounds. 
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1For ease of 


a standard case will represent 48 6.5-ounce cans or 19.5 pounds. 


comparison 
2Sources: 4!.S. Department of Commerce. 1976-86. Fisheries of the United States, 1976-85. 
Curr. Fish. Stat. 6900, 7200, 7500, 7800, 8000, 8100, 8200, 8300, 8320, 8360, 8380. Var. 


1975-85. 


3Source: U.S. 


products, 1975-84. Curr. 


pagin. U.S. Department of Commerce. fishery 
Fish. Stat. 6701, 6901, 7201, 7501, 7801, 8001, 8101, 8201, 8301, 8319, 8359. Var. pagin. 
S. Department of Commerce, 


1974-85. 


Bureau of the Census computerized data files, 


4A percent symbol (%) denotes the percent of total for each canned category. 


a much lower import duty than tuna 
packed in oil. 


Two pieces of legislation aimed at 
eliminating the tariff difference between 
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imports of canned tuna in water and 
canned tuna in oil were introduced into 
the U.S. House of Representatives dur- 
ing 1985. In a related matter, the U.S. 
Trade Representative called on the Inter- 
national Trade Commission (ITC) to con- 
duct a “332 investigation” on the compet- 
itive conditions within the U.S. tuna 
industry. The ITC had completed, in 
1984, a “201 investigation” of canned 
tuna imports in response to a petition 
from certain segments of the U.S. tuna 
industry seeking tariff relief from imports 
of canned tuna packed in water’. 

The U.S. consumer continued to bene- 
fit from competition between foreign and 
domestically produced canned tuna. The 
retail composite canned tuna price, 
which decreased 3 percent during 1984, 
fell an additional 2 percent in 1985. The 
downward price trend contributed to cor- 
responding growth in overall apparent 
consumption which increased. about 3 
-percent in 1985, following a 2 percent 
increase for all of 1984. Sales of water- 
packed products (except in the health/diet 
category) increased 6 percent in 1985. 
Since water-packed products account for 
more than 60 percent of total sales, this 
increase helped offset reduced sales of 
tuna in oil and of health/diet canned tuna 
products. 

U.S. consumers are also developing a 
taste for fresh and fresh-frozen tuna prod- 
ucts. Fresh albacore tuna has become in- 
creasingly popular in the restaurant and 
retail trade. There is also a growing do- 
mestic market for high quality, fresh 
tropical tuna species, which has stimu- 
lated development of fresh-fish tuna fish- 
eries on the U.S. east and west coasts, in 
the Gulf of Mexico, and in Hawaii. 

In the following sections we review the 
1985 production of white and light meat 
tuna by the U.S. tuna industry and con- 
sumption of tuna products by U.S. con- 
sumers. In the final section the economic 
performance of the U.S. tropical tuna 
purse seine fleet is analyzed over the pe- 
riod 1979-83. Unless otherwise noted, 
the information and data presented herein 
were compiled by the Statistics and Mar- 
ket News Section of the Southwest Re- 


5See S. F. Herrick, Jr., and S. J. Koplin. 1985. 
U.S. tuna trade summary, 1984. Admin. Rep. 
SWR-85-6. Southwest Region, National Marine 
Fisheries Service, NOAA, Terminal Isl., Calif. 
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gion, National Marine Fisheries Service 
(NMFS). 


Albacore Production 


Albacore, which is the only species 
that may be canned as white meat tuna in 
the United States®, accounted for about 
24 percent of total U.S. canned produc- 
tion in 1985. According to industry re- 
ports, consumption of canned white meat 
tuna packed in water had increased 2 per- 
cent in 1985, while consumption of 
canned white meat packed in oil, which 
had shown a gain for 1984, fell 4 percent 
during 1985. Total cannery receipts— 
domestically caught albacore plus im- 
ports—reached 102,005 tons in 1985, 5 
percent below receipts for 1984 but 5 per- 
cent above the 1980-84 average (Table 
1). Domestic white meat production for 
1985 amounted to 6.8 million standard 
cases (Table 4), 4 percent below produc- 
tion in 1984. 


Cannery Receipts of 
Domestically Caught Albacore 


The U.S. albacore fishery presently 
occurs almost entirely in the Pacific 
Ocean north of lat. 25°N and offshore 
from the west coast to about long. 180°. 
This area is divided at long. 140°W into 
offshore (mid-Pacific) and inshore fish- 
ing areas. Troll (jig) gear is the dominant 
gear used in the U.S. fishery. 

As a result of the 1984 cannery clo- 
sures, U.S. albacore fishermen opened 
the 1985 season faced with the virtual 
disappearance of their usual markets. 
This was refelcted in the volume of do- 
mestically caught albacore delivered to 
U.S. canneries in 1985 which totaled 
6,853 tons, 51 percent below the corre- 
sponding figure for 1984. This represents 
the lowest volume over the last 5 years 
(Table 1). The loss of cannery markets, 
particularly in Hawaii, resulted in only 
17 vessels participating in the mid- 
Pacific albacore fishery during 1985, a 
62 percent decrease in the number from 
1984. However, even with a reduced 
number of vessels, 825 tons of domesti- 


621 U.S. Code of Federal Regulations. Section 
161.190 (a) (4) (i). U.S. Gov. Print. Off. 1985). 





cally caught albacore cannery receipts 
were landed in Hawaii and transshipped 
to California, an increase of 40 percent 
from 1984. Receipts of domestically 
caught albacore from the inshore area de- 
creased 55 percent from 1984 which, in 
view of relatively unchanged catch rates 
from 1984, reflects a significant decrease 
in inshore fishing effort. 

Compounding the difficulties brought 
about by the U.S. cannery closures was a 
generally abundant supply of albacore 
being offered through the international 
market during 1985, a situation which 
had contributed to a significant decline in 
ex-vessel prices by mid-year. For domes- 
tically caught albacore delivered to U.S. 
canneries, contract prices started out at 
$1,300 per ton for fish 9 pounds or 
greater, and $950 per ton for fish under 9 
pounds, decreases of 7 and 15 percent, 
respectively, from prices at the beginning 
of 1984. By the end of the year prices had 
fallen to $1,000 per ton for large fish and 
$800 per ton for small fish, the lowest 
they have been in the past 5 years (Table 
5). 

With the substantial decline in both do- 
mestically caught receipts and ex-vessel 
prices, aggregate ex-vessel revenue from 
the 1985 albacore fishery fell 56 percent 
from that of 1984. Dividing ex-vessel al- 
bacore revenue by total cannery deliver- 
ries of U.S.-caught albacore yields a 
weighted ex-vessel price of $1,087 per 
ton for 1985 which is a 13 percent drop 
from 1984 (Table 6). 

Considering the diminished opportuni- 
ties for direct sales to U.S. canneries, 
domestic albacore fishermen continued 
to explore alternative opportunities for 
marketing their catches. The potential for 
fresh albacore sales was recognized in 
1982 when fishermen started selling al- 
bacore off their boats after U.S. proce- 
sors had drastically curtailed their pur- 
chases of domestically caught fish. From 
this early, fragmented effort grew a more 
concerted attempt on the part of the alba- 
core sector of the U.S. tuna industry to 
develop alternatives to the cannery mar- 
ket with emphasis on the development of 
fresh and fresh-frozen albacore products 
for the retail and restaurant trade. 

The National Marine Fisheries Service 
has supported development of the U.S. 
albacore fishery through the Saltonstall- 
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Table 5.—U.S. cannery ex-vessei (contract) prices (dollars per short ton) at California and Puerto Rico, 1980-85. 














Albacore Skipjack tuna Yellowfin tuna 
Year >18 Ib. 9-18 Ib. <9 Ib. >7.5 lb. 4-7.5 Ib. 3-4 Ib. <3 Ib >20 Ib. 75-20 lb. 475lb. 3-4)b. <3 Ib. 
1980 1,610 1,610 1,610 850 850 700 545 950 950 810 810 810 
1,635 1,635 1,635 1,100 1,100 1,000 800 1,200 1,200 1,100 1,100 1,100 
1981 1,800 1,800 1,800 1,100 1,100 1,000 800 1,200 1,200 1,100 1,100 1,100 
1982 1,425 1,425 1,425 1,100 1,100 1,000 800 1,200 1,200 1,100 1,100 1,100 
1,040 1,040 940 740 1,140 1,140 1,040 1,040 1,040 
1,350 1,225 1,000 890 890 700 500 1,170 1,050 890 890 890 
19831 950 850 700 420 1,230 1,050 850 700 420 
1,250 1,250 975 900 800 640 420 1,125 990 800 640 400 
880 780 585 250 1,125 975 780 585 250 
19841 1,400 1,400 1,125 830 730 500 250 1,085 950 730 500 250 
850 750 550 250 1,000 900 750 550 250 
j 1,150-1,300 1,150-1,300  875-1,025 763 650 470 235 925 800 650 470 235 
i 19851 708 610 435 200 865 753 610 435 200 
i 1,300 1,300 950 738 640 500 275 870 758 640 500 275 
| 1,150 1,150 800 650 590 490 290 815 715 590 490 290 
| 1,000 1,000 800 700 630 500 300 825 725 630 500 300 
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'Skipjack and yellowfin tuna prices are for standard grade; prices may vary due to quality. 
Source: Statistics and Market News, Southwest Region, NMFS, NOAA. 


Table 6.—U.S. cannery ex-vessel (weighted) prices 
(dollars per short ton), 1980-85. 


Skipjack tuna 
Year Nominal Real! Nominal Real’ Nominal Real’ 





Albacore Yellowfin tuna 








1980 1,659 930 1,063 596 1,180 661 
1981 1800 920 1,030 527 1,170 598 
1982 1,387 669 965 465 1,123 542 
1983 1,268 589 799 «371 «=891032 479 
1984 1,252 560 760 340 982 440 
1985 1,087 469 622 269 820 354 





1Adjusted for inflation using GNP implicit price deflator 
(1972=100). 

Source: Statistics and Market News, Southwest Region, 
NMFS, NOAA. 


Kennedy Program’. Over the last 4 years 
more than $530,000 in Saltonstall- 
Kennedy fishery development funds has 
been awarded to the albacore fishery, al- 
most half of which has been earmarked 
for research on increasing opportunities 
for fresh and fresh-frozen albacore con- 
sumption. Much of this research has been 
directed toward upgrading handling and 
processing techniques to provide a 
product suitable for the fresh fish market. 
Other research has been aimed at devel- 
oping different albacore products. 
According to industry sources, about 


7The Saltonstall-Kennedy Act (15 U.S.C. 713c- 
2-713c-3) makes available to the Secretary of 
Commerce up to 30 percent of the gross receipts 
collected under the customs laws from duties on 
fishery products. The Secretary must use at least 
60 percent of these funds each year in the form 
of grants to assist persons in carrying out re- 
search and development projects which address 
any aspect of U.S. fisheries. 
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1,200 tons of domestically caught alba- 
core were channeled through the albacore 
alternative marketing program during 
1985 (W. Perkins, Western Fishboat 
Owners Association, personal com- 
mun.). Ex-vessel prices reportedly 
ranged from under $1,000 per ton to 
$1,300 per ton with an average of $1,200 
per ton, which was 10 percent higher 
than the weighted average cannery price. 

In addition to sales through the alterna- 
tive fresh fish market, almost 700 tons of 
domestically caught albacore was ex- 
ported during 1985 to France, Japan, and 
Thailand® (G. K. Alameda, Ocean Ven- 
ture, Inc., personal commun.). There 
appears to be a strong potential for ex- 
panding albacore exports to Japan where 
it is processed for Japan’s canned tuna 
market. Like the U.S. market for fresh 
albacore, the key to success in exporting 
to Japan is the ability to provide high 
quality fish, because the Japanese are ex- 
tremely sensitive about the aesthetic and 
gustatory qualities of the canned tuna 
they consume. 


Production of Canned 
White Meat Tuna 


The primary U.S. tuna receiving and 





8U.S. albacore exports do not appear under di- 
rect exports in Table 1 because albacore exported 
in 1985 was initially landed in the United States 
and then exported through brokers. Mention of 
trade names or commercial firms does not imply 
endorsement by the National Marine Fisheries 
Service, NOAA. 


processing sites during 1985 were 
Mayaguez and Ponce, Puerto Rico; San 
Pedro, Calif.; Honolulu, Hawaii; and 
Pago Pago, American Samoa. For report- 
ing purposes, tuna receipts and produc- 
tion data are combined for American 
Samoa, California and Hawaii (AmS/Ca/ 
Hi). Data for Puerto Rico are reported 
separately’. 

Seventy-five percent of the raw alba- 
core supplied to U.S. canneries in 1985 
(102,005 tons) was delivered to canner- 
ies in Puerto Rico and the balance to can- 
neries in AmS/Ca/Hi. This represented a 
3 percent increase from 1984 in albacore 
deliveries to Puerto Rico and a 21 percent 
decline in deliveries to AmS/Ca/Hi. Of 
the total 1985 domestically caught alba- 
core receipts, 82 percent, or 5,608 tons, 
was received in AmS/Ca/Hi and the re- 
mainder, 1,245 tons, was transshipped 
from west coast ports to canneries in 
Puerto Rico (Table 1). This was a 46 per- 
cent reduction from 1984 in domestically 
caught albacore deliveries to AmS/Ca/ 
Hi, and a 65 percent decrease in domesti- 
cally caught albacore transshipments to 
Puerto Rico. 

U.S. cannery receipts of imported raw 
albacore totaled 95,152 tons in 1985, a 2 


Although no tuna was processed in Hawaii dur- 
ing 1985, Hawaii was a receiving/transshipping 
site for tuna destined for U.S. canneries in 1985. 
Tuna transshipped through Hawaii during 1985 
is recorded as a receipt at its cannery destination. 
The AmS/Ca/Hi designation is maintained for 
1985 in order to make historical comparisons. 
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Table 7.—Cannery imports of frozen tuna (short tons) by country of origin, 1980-85. 



































1980 1981 1982 1983 1984 1985 
Origin’ White Light? White Light White Light White Light White Light White Light 
Brazil 109 5,847 83 5,968 1,443 16,181 1,185 15,154 2,018 7,743 710 15,282 
Canary Island 362 325 1,693 1 7,653 5 14,030 10 9,415 16 
Caymen Island 2,171 6,723 9,960 11,031 
Ecuador 340 10,661 2,809 12,034 18,722 
Ghana 70 30,071 760 36,188 1,078 27,783 345 23,751 170 6,640 
Ivory Coast 12,860 345 35,805 27,862 13,783 289 30,997 15,887 
Japan 3,957 45,112 6,483 12,307 5,834 12,705 696 18,426 10,946 20,965 6,754 718 
Mauritius 4,349 1,364 152 4,811 4,668 5,026 5,789 
Netherl. Antilles 6,611 4,869 6,202 273 10,054 1,996 8,560 258 9,619 298 12,110 197 
Panama 27,660 23,746 29,558 1 8,110 424 13,928 15,138 
Philippines 37 26,799 20,781 5,923 6,476 1,327 
Reunion 9,209 157 4,738 204 12,036 146 7,438 3 4,363 67 1,521 756 
Seychelles 3,042 8,257 262 17,064 
Singapore 3,444 5,366 3,969 7,781 1,386 3,846 4,217 3,761 5,024 2,562 
Solomon Island 1,088 18,984 22,618 928 10,600 15,836 3,390 
South Africa 14,136 263 15,091 1,832 17,044 1 7,304 239 11,856 1,478 21,101 
South Korea 412 925 1,547 4,893 1,001 6,891 5,374 13,830 2,119 11,064 8,874 9,747 
Taiwan 244 1,730 169 99 384 5,075 3,851 9,739 9,468 5,947 10,592 
Uruguay 7,903 1,719 9,920 1,489 8,835 670 4,480 143 3,228 722 7,425 1,997 
Venezuela 865 394 5,496 2,421 1 6,604 7,002 147 33,538 
Other 31,784 90,702 34,346 89,724 29,285 35,209 15,858 42,795 13,993 18,807 12,535 5,918 
Totals 83,811 283,104 87,297 271,597 94,599 179,228 72,855 173,640 92,844 176,603 95,152 159,993 





1Data reflects the origin of shipments and not necessarily the flag of the catcher vessel. 
2Light meat includes bigeye, blackfin, bluefin, skipjack, and yellowfin tuna. 
Source: Statistics and Market News, Southwest Region, NMFS, NOAA. 


percent increase from 1984 (Table 1). 
Imports accounted for 93 percent of the 
1985 total cannery supply of albacore 
compared with 87 percent in 1984. 
Puerto Rico was the major receiving site 
for imports with 75,122 tons or 79 per- 
cent of total albacore imports; AmS/Ca/ 
Hi received the remainder. Albacore im- 
ports received in Puerto Rico during 1985 
increased 6 percent from 1984, while im- 
ports received in AmS/Ca/Hi decreased 9 
percent. The leading exporter of raw 
albacore to U.S. canneries in 1984 was 
South Africa'®, a major transshipping 
base for Japanese and Taiwanese alba- 
core vessels, with 21,101 tons or 22 per- 
cent of the total imports (Table 7). 
Imports of raw albacore received at 
U.S. canneries in 1985 were valued at 
about $153 million!', up 6 percent from 
1984. Dividing this value by the corre- 
sponding volume yields a weighted aver- 
age import price of $1,611 per ton for 


'0The exporting country reflects origin of ship- 
ments and not necessarily the flag of the catcher 
vessel. 

'lThe values of raw imported tuna (white and 
light meat) provided herein are based on the av- 
erage prices reported by importers to the Bureau 
of the Census, and volumes of imports compiled 
by the Statistics and Market News Service, 
NMFS Southwest Region. 
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raw albacore in 1985, nearly 3 percent 
above that for 1984. 

In 1985, 55 percent of the total U.S. 
cannery supply of raw albacore came 
from the Atlantic Ocean, followed by the 
Pacific and Indian Oceans which con- 
tributed 35 and 10 percent, respectively, 
to the total supply. Virtually all of the 
albacore received from the Atlantic and 
Indian Oceans consisted of imports. Re- 
ceipts of albacore from the Atlantic 
Ocean increased 26 percent from 1984, 
those from the Pacific decreased 24 per- 
cent, and those from the Indian Ocean 
fell 33 percent (Tables 2 and 3). 

During 1985, wholesale list prices for 
U.S.-produced, _ nationally-advertised 
brands of white meat tuna ranged be- 
tween $55.57 and $60.63 per standard 
case. With discounts, the actual selling 
price at wholesale was as low as $45.20 
for a standard case which, when consid- 
ering the decrease in size of a standard 
case, represented an increase of 7 percent 
over 1984. Production of both advertised 
and private brands of white meat tuna 
was valued at about $270 million (free on 
board plant value) in i985, up 5 percent 
from 1984. Based on total white meat 
volume, the weighted average value in 
1985 was $39.89 per standard case com- 
pared with $36.51 for the equivalent size 
case in 1984, a 9 percent increase. 


Production of 
Light Meat Tuna 


Although U.S. consumption of all 
light meat tuna products showed an over- 
all increase in 1985, production of 
canned light meat tuna by U.S. proces- 
sors during 1985 decreased considerably 
from 1984. In 1985, consumption of oil- 
packed, light meat tuna decreased 3 per- 
cent, but consumption of canned, light 
meat tuna packed in water increased 
nearly 7 percent based on relative market 
shares. This led to an overall increase 
in light meat consumption of about 4 per- 
cent for 1985. Cannery production of all 
light meat products totaled 21.2 million 
standard cases in 1985, a decrease of 13 
percent from 1984. (Table 2). The total 
cannery supply of raw light meat tuna for 
1985 was 366,949 tons, down 12 percent 
from 1984 (Table 1). Prices of light meat 
tuna at the ex-vessel, wholesale, and re- 
tail levels continued to decline during 
1985. 


Cannery Receipts 
of Domestically Caught 
Light Meat Tunas 


The U.S.-flag, tropical tuna fleet con- 
sisted of 130 vessels with an overall car- 
rying capacity of 113,394 tons at the be- 
ginning of 1985: 109 purse seiners and 21 
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baitboats (pole and line gear). By the end 
of 1985 the fleet had declined to 110 ves- 
sels, 92 purse seiners and 18 baitboats 
with a total carrying capacity of 99,594 
tons, a 12 percent decrease from 1984. 
However, 36 of these 110 vessels were 
listed as inactive, and 21 of the inactive 
vessels were seiners having individual 
carrying capacities of 400 tons or more. 

During 1985, the fleet operated almost 
exclusively in the Pacific Ocean. There 
were 39 vessels active in the western 
Pacific at the beginning of 1985 with a 
combined carrying capacity of 47,345 
tons. The number in the western Pacific 
declined to 33 by the end of 1985 with a 
capacity of 40,675 tons, a 15 percent-de- 
crease in number and a 14 percent de- 
crease in total capacity. Forty-three ves- 
sels with a total carrying capacity of 
36,544 tons operated in the eastern 
Pacific during the first quarter of 1985, 
declining to 42 vessels with a capacity of 
34,709 tons by the end of the year. This 
represented a decrease of 2 percent in the 
number of vessels and a decrease of 5 
percent in carrying capacity. Only four 
U.S.-flag vessels, having a combined ca- 
pacity of 4,380 tons, fished in the 
Caribbean area of the Atlantic Ocean dur- 
ing 1985. 

Receipts of domestically caught, light 
meat tuna at U.S. canneries totaled 
206,956 tons in 1985, 14 percent below 
receipts for 1984. This total comprised 
84,020 tons of skipjack tuna and 122,936 
tons of yellowfin tuna (includes bigeye, 
bluefin, and blackfin tuna), a decrease of 
35 percent in skipjack deliveries and an 
increase of 30 percent in yellowfin deliv- 
eries from 1984. As indicated previ- 
ously, improved yellowfin tuna fishing in 
the eastern Pacific, and economic condi- 
tions were major factors contributing to 
ne substantial shift from skipjack to yel- 
lowfin in deliveries by the fleet during 
1985. In addition to deliveries to U.S. 
canneries, U.S. flag vessels exported 
34,797 tons of light meat tuna to foreign 
canneries in 1985, up 7 percent from 
1984 (Table 1). 

At the beginning of 1985, contract ex- 
vessel prices (without quality adjust- 
ments!) for light meat in all species and 


!2Contract prices may be adjusted for salt con- 
tent, temperature of the fish, and physical condi- 
tion of the fish at unloading. 


49(3), 1987 


size categories were sharply below corre- 
sponding prices for 1984 and, except for 
the smaller size categories (skipjack and 
yellowfin four pounds or less), year-end 
prices were lower than opening prices 
(Table 5). The observed increase in con- 
tract price for smaller light meat tuna can 
perhaps be ascribed to a greater demand 
for smaller tuna at offshore processing 
sites where, for a given quantity of 
canned product, the relatively low cost of 
the additional labor required to process 
comparatively lower yielding small fish 
results in an overall cost saving. 
Receipts of domestically caught skip- 
jack tuna were valued at $52 million in 
1985, down 53 percent from 1984. This 
yields a weighted ex-vessel price of $622 
per ton, an 18 percent decrease from 
1984. Domestic deliveries of yellowfin 
tuna generated about $101 million in ex- 
vessel revenue for 1985, 8 percent above 
1984. The weighted ex-vessel price for 
yellowfin tuna in 1985 was $820 per ton, 
a decrease of 17 percent from 1984 
(Table 6). Total ex-vessel revenue was 
approximately $153 million in 1985, 25 
percent less than 1984 ex-vessel revenue. 


Production Of Canned 
Light Meat Tuna 


In the United States, skipjack, yel- 
lowfin, bigeye, and bluefin tuna are col- 
lectively canned as light meat tuna. The 
6.5-ounce can of chunk style, light meat 
tuna in water was the most popular tuna 
product consumed in the U.S. during 
1985, accounting for over 43 percent of 
all tuna sales.. 

During 1985, 366,949 tons of raw, 
light meat tuna were delivered to U.S. 
canneries in Puerto Rico, American 
Samoa, and California (Table 1). Puerto 
Rico received 236,673 tons in 1985, 64 
percent of the total; the balance, 130,276 
tons, was received at canneries in Ameri- 
can Samoa and California. Total receipts 
for Puerto Rico increased 7 percent from 
1984 and decreased 33 percent for Amer- 
ican Samoa and California (Table 1) re- 
flecting the loss of west coast processing 
capacity that occurred during 1984. 

Domestically caught, light meat tuna 
deliveries to canneries in Puerto Rico 
during 1985 reached 104,875 tons, 51 
percent of the total domestically caught, 
light meat deliveries for 1985. The re- 


mainder, 102,081 tons, went to canneries 
in American Samoa and California. 
Compared with 1984, domestically 
caught, light meat tuna deliveries to 
Puerto Rico increased 21 percent, while 
deliveries to American Samoa, Califor- 
nia, and Hawaii decreased 34 percent 
(Table 1). Imports of light meat tuna to- 
taled 159,993 tons in 1985, 9 percent 
below the level of imports for 1984. Im 
ports made up 44 percent of the total can- 
nery supply in 1985 vs. 42 percent in 
1984. Puerto Rico was the major receiv- 
ing site for imports during 1985, account- 
ing for 131,798 tons (82 percent of the 
total), a 3 percent decrease from 1984 
(Table 1). Skipjack tuna made up 58 per- 
cent of the 1985 light meat imports with 
yellowfin tuna providing the balance. 
Overall, skipjack tuna imports were 
down 31 percent from 1984, while yel- 
lowfin tuna imports increased 61 percent. 

Venezuela was the top exporter of raw 
light meat tuna to the United States in 
1985 with 33,538 tons, 21 percent of the 
1985 total. Ecuador foliowed with 
18,722 tons, 12 percent of the total 
(Table 7). 

Light meat imports in 1985 were val- 
ued at $127 million, down 7 percent from 
1984. The value of skipjack tuna imports 
was about $66 million and the value of 
yellowfin tuna imports was about $61 
million, a decrease from 1984 of 31 per- 
cent for skipjack tuna and an increase of 
45 percent for yellowfin tuna. These val- 
ues convert to weighted average prices of 
$708 per ton for imported skipjack tuna 
and $902 per ton for imported yellowfin 
tuna, an increase of about | percent and a 
decrease of 11 percent, respectively, 
from 1984. 

The Pacific Ocean was the primary 
source of all light meat tuna cannery re- 
ceipts and U.S. exports of light meat tuna 
in 1985 which totaled 401,746 tons. The 
Pacific provided 327,896 tons or 82 per- 
cent of this total, the Atlantic Ocean 13 
percent, and the Indian Ocean 5 percent. 
On a regional basis, the western Pacific 
was the leading production area with 
174,289 tons, 43 percent of total receipts 
and U.S. exports, even though total can- 
nery receipts and direct exports from this 
area decreased 39 percent from 1984. Of 
the total receipts originating in the west- 
em Pacific during 1985, 74 percent 
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(128,600 tons which includes U.S. ex- 
ports) was domestically caught and the 
remainder (45,689 tons) consisted of im- 
ports. Skipjack tuna was the predominant 
species in the western Pacific. Other 
oceanic regions contributing to the 1985 
U.S. cannery supply and U.S. raw ex- 
ports, in order of importance, were the 
eastern Pacific (primarily domestically 
caught yellowfin tuna), the western At- 
lantic, and the eastern Atlantic. For the 
first time, the Indian Ocean surpassed the 
eatern Atlantic as a source of light meat 
imports during 1985. This is a direct re- 
flection of the shift by the Spanish and 
French fleets from their traditional east- 
ern Atlantic waters into the western In- 
dian Ocean. A breakdown of the 1984 
cannery supply and U.S. exports by 
ocean of origin is given in Tables 2 and 3. 

The wholesale list price of U.S. pro- 
duced, advertised, light meat tuna ranged 
between $34.20 and $43.45 a standard 
‘case, but with discounts the price fell as 
low as $27.50 a case during the year. 
Total production of canned light meat 
tuna, both advertised and private label 
brands, was valued at $551 million (FOB 
plant value) in 1985, down 11 percent 
from 1984. This results in a weighted av- 
erage value of $26.00 for a standard case 
of light meat tuna in 1985, an increase of 
3 percent from 1984. 


Canned Imports 


Foreign processed canned tuna packed 
in oil is subject to a 35 percent tariff and 
therefore imports are negligible. Foreign 
processed canned tuna not in oil is under 
a tariff rate quota which allows imports 
of up to 20 percent of the previous year’s 
domestic production, excluding Ameri- 
can Samoa, to enter at 6 percent ad val- 
orem; imports above the quota level enter 
at 12.5 percent ad valorem. Imports from 
American Samoa are not counted against 
the quota. Before the quota on canned 
imports not in oil is reached, the Bureau 
of the Census categorizes white meat and 
light meat imports separately. However, 
once the quota is reached, the Bureau of 
the Census no longer distinguishes be- 
tween white and light meat imports. 
Thus, year-end figures comprise imports 
of both canned light and white meat not 
in oil. 

In 1985, the quota on canned imports 
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not in oil was 97.5 million pounds or 5.0 
million standard cases. Total imports 
reached a record 214.3 million pounds or 
about 11.0 million standard cases, an in- 
crease of 32 percent from 1984 (Table 4). 
When the 1985 quota was reached on 7 
May 1985, white meat made up 13 per- 
cent of the imports of canned tuna not in 
oil. Imports of canned tuna in oil, practi- 
cally all light meat tuna, totaled 302,000 
pounds or about 16,000 standard cases, 
an increase of 14 percent from 1984. 

The leading exporter of canned tuna to 
the United States in 1985 was Thailand 
with 122.6 million pounds or 6.2 million 
standard cases. This was 57 percent of 
total imports and represents a 37 percent 
increase in imports from Thailand over 
1984. The Philippines was a distant sec- 
ond with 30.8 million pounds or 1.6 mil- 
lion standard cases, 14 percent of the 
1985 total. 

Imports in 1985 were valued at about 
$209 million FOB, an increase of 25 per- 
cent from 1984. This converts to a 
weighted average price of $0.98 per 
pound or $19.11 per standard case which 
is 5 percent below that for 1984. The 
wholesale price, ex-warehouse New 
York, for skipjack tuna packed in Thai- 
land ranged from $23.00 to $26.00 per 
standard case in 1985. Imports of canned 
tuna and their corresponding value by 
major exporting country are shown in 
Table 8. 


Consumption 


Consumption of canned tuna products 
in the United States for 1985 (excluding 
noncivilian consumption) was calculated 
to be 3.3 pounds per capita, 3 percent 
above 1984. An informal survey of in- 
dustry members indicates that tuna was 
consumed at a ratio of about 20 percent 
white meat to 80 percent light meat. 
Based upon these figures, per capita con- 
sumption was about 0.66 pounds of white 
meat tuna and 2.64 pounds of light meat 
tuna. This converts to 1.6 standard cans 
of white meat tuna and 6.5 standard cans 
of light meat tuna per capita. When com- 
pared with consumption in 1984, based 
on the same consumption pattern, there 
was no change in white meat consump- 
tion and a 3 percent increase in light meat 
consumption. 

Based on the National Marine Fish- 





eries Service’s “Operation Price Watch,” 
(1984, 1985)!> consumers paid an aver- 
age of $1.42 per 6.5 ounce can for white 
meat tuna and $0.84 per 6.5 ounce can 
for light meat tuna during 1985 (although 
retail loss-leader promotions sometimes 
reduced light meat prices to $0.39 per 
can), a decrease of 3 percent for white 
and 2 percent for light meat from 1984. 
This resulted in an increase in estimated 
per capita expenditures on canned tuna in 
1985—$7.73 compared with $7.54 in 
1984. 

Over the last several years, production 
and consumption of fresh bluefin, 
bigeye, and yellowfin tuna in the United 
States have increased substantially as ev- 
idenced by the rapid development of 
fresh fish fisheries off the U.S. east and 
west coasts, in the Gulf of Mexico, and in 
Hawaii. While these fisheries have 
mainly developed to meet a growing ex- 
port demand for top-quality, sushi grade 
tuna, domestic demand also has in- 
creased with the growth of specialty 
seafood outlets and “sushi bars” in U.S. 
metropolitan areas. 

Off the U.S. east coast, from Maine to 
Virginia, Atlantic bluefin tuna are har- 
vested primarily for export to Japan. The 
Atlantic bluefin tuna fishery is highly 
regulated and catch quotas (by fish size 
and harvesting gear) are imposed through 
the International Commission for the 
Conservation of Atlantic Tunas. In 1985, 
U.S. fishermen, using a variety of gears 
including purse seine, longline, rod and 
reel, and handlines, landed 1,400 tons of 
Atlantic bluefin tuna. About 85 percent 
of the 1985 landings of “sushi” grade 
giant bluefin tuna caught using purse 
seine and longline gear was exported to 
Japan, with the remainder going to U.S. 
fresh fish markets (Northeast Fisheries 
Center, NMFS, personal commun.). 

Spurred by a strong Japanese export 
market and increasing domestic demand, 
Atlantic and Gulf coast fishermen are di- 
recting more fishing effort to bigeye and 
yellowfin tuna. In 1985, domestic bigeye 
tuna landings destined for fresh con- 
sumption were about 370 tons, which ex- 
ceeded 1984 landings by 9 percent. Fish- 


13Qperation Price Watch is based on an informal 
monthly survey of fish and other items in three 
retail grocery stores in each of 10 cities. 
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ermen received as much as $12,000 a ton Table 8.—U.S. imports for consumption by principal sources tuna in airtight contain- 
































for large, high-quality bigeye tuna ex- bechtaieme s 
ported to Japan in 1985 (Southeast Fish- Quantity (1,000 pounds) 
eries Center, NMFS, personal com- Source 1980 1981 1982 1983 1984 1985 
mun.). Landings of yellowfin tuna from 
Canada 2 2,106 

both the southeast U.S. coast and Gulf of Ecuador 890 6,175 

: : : Indonesia 146 595 2,634 2,222 1,388 
Mexico fisheries were also on the rise ‘ham 2n7ee 021271 iOS C270 
during 1985. Preliminary reports placed Malaysia 66 696 755 3,083 1,608 3,878 
landings at 1,862 tons, with average ex- ies ae ae er oe se 
vessel prices ranging from $1,500 to a 15947 15 ™ 10,704 18, 70 173998 23,472 
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tons at an average price of $2,080 per ton Total 63,553 70,852 «87,579 122,329 162,313 213,948 
in 1984 (Southeast Region, NMFS, per- 
sonal commun. ). Value (1,000 dollars) 

A domestic fresh fish fishery for Cue 5 2.986 75 
Pacific bluefin tuna on the U.S. west — ‘iia é pore Pe -_ 
coast is also starting to develop. Land- Japan 42,015 36453 38,561 24643 29186 28.142 
ings in 1985 approached 610 tons and —— = noes 2: po po 

. i 20,043 30,504 «31,085 «32,291 «20,396 = 25,930 
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local market, the Hawaiian fresh fish 
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catch to continental and export markets. Canada $2.96 $1.42 $0.86 
‘ -: Ecuador $0.94 0.90 
Landings of fresh tuna from Hawaii to- pavssnce $1.43 te oii ask ons 
taled 2,950 tons worth $6.6 million in Japan $1.69 1.71 1.46 1.20 1.09 1.19 
1984. In 1985, U.S. imports of fresh eee” tae aa eae ae 
tuna, primarily yellowfin, received in = ~~ - = = a <a 
California amounted to 1,109 tons with a Taiwan 1.46 1.56 1.34 1.21 1.26 1.27 
lh j Thailand 1.39 1.49 1.22 1.08 1.00 0.91 
value of $5.8 million. This compares an tas ye a a sis oa 
with imports of 871 tons having a value — 
of $2.9 million in 1984. aes ba 7 bis “e a _ 
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economic performance is also affected by 
the costs of producing output. Therefore, 
indicators that reflect changes in industry 
output and output prices over time rela- 
tive to corresponding changes in input 
usage and input costs would provide a 
more complete picture of economic per- 


***Less than 1 percent, included in “Other” listing. 
1Mainly oil packed. 
Source: 


formance. To accomplish this, we devel- 
oped a set of indices that account for 
changes in cannery deliveries, ex-vessel 
prices, inputs consumed, and input prices 
to examine relative changes in the eco- 
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nomic performance of the U.S. tropical 
tuna purse seine fleet over the period 
1979-83. The procedures used follow 
those reported in Norton et al. (1985) 
where the economic well-being of sev- 


eral different U.S. fishing fleets is evalu- 
ated over time through an overall 
performance index that incorporates 
changes in per unit output price, changes 
in input prices, and changes in fleet pro- 
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ductivity based on catch per unit of ef- 
fort. For this study we constructed a com- 
posite purse seine fleet performance 
index from an aggregate output price 
index, an aggregate input price index, 
and a total factor productivity index. 

The aggregate output price index in 
year “t” (t represents any of the years 
1979-83) is the weighted average of the 
ratios of the ex-vessel prices for skipjack 
and yellowfin tuna in year “t” to their 
ex-vessel prices in 1979, the base year. 
The prices for skipjack and yellowfin 
tuna are the weighted ex-vessel prices de- 
scribed above. The weights used to com- 
pute the aggregate output price index in 
year “t” are the relative contributions of 
skipjack and yellowfin tuna revenues to 
total ex-vessel revenue in that year. Table 
9 shows the price data and revenue share 
data used in calculating the aggregate 
output price index; the aggregate output 
price index is shown in Figure 1. 

We computed the aggregate input 
price index using the same procedure as 
that for the aggregate output price index, 
that is, the ratio of the input prices in the 
year “t” to the input prices in the base 
year 1979 weighted by the relative contri- 
bution of the expenditure on each input in 
year “t” to total input expenditures. In 
this case, the inputs considered are labor, 
capital, fuel, and other intermediate in- 
puts. Unit prices for these inputs over the 
period 1979-83 were estimated based on 
purse seine expenditure data reported by 
the U.S. International Trade Commission 
(ITC, 1984), data from the Inter- 
American Tropical Tuna Commission on 
days absent from port for the U.S. purse 
seine fleet, and annual average fuel 
prices from the American Tuna Boat As- 
sociation (ATA, V. Bernadino, personal 
commun. ). 

The unit price of labor, cost per crew 
day absent, was estimated by dividing the 
sum of the ITC’s reported annual per ves- 
sel expenditures on crew and galley by a 
measure of annual crew days absent per 
vessel. Annual crew days absent for U.S. 
purse seiners were derived by multiply- 
ing estimated total days absent per vessel 
by 19 crew members which is the as- 
sumed average crew complement in each 
year of the period. 

The sum of the annual interest expense 
and reported depreciation per vessel from 
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Figure 1.—Economic indexes for the U.S. tropical tuna purse seine fleet, 
1979-83. 


the ITC sample was used as the unit price 
of capital services in constructing the ag- 
gregate input price index. 

Other intermediate inputs consist of 
transshipment services, repairs, gear, in- 
surance, helicopter services, travel, and 
other. The sum of the nominal expendi- 
tures on these inputs per vessel was de- 
flated by the producer price index for in- 
dustrial commodities to represent the 
collective use of these inputs in real 
terms. The nominal expenditure for this 
category of inputs divided by the corre- 
sponding deflated expenditure is used as 
a proxy for the unit price for other inter- 
mediate inputs. 

The weights used in calculating the ag- 
gregate input price index are the expendi- 
tures on each input category relative to 
the total expenditures on inputs. These 
weights are derived from the ITC 
expenditure data and are presented in 
Table 9 along with the price data used in 
constructing the aggregate input price 
index. The aggregate input price index is 
shown in Figure 1. 

Changes in factor productivity, output 
per unit input, are accounted for through 
a total factor productivity index which is 
simply the ratio of an aggregate output 
index to an aggregate input index. The 
aggregate indexes of outputs and inputs 


are formed from Tornqvist-Theil (T-T) 
quantity indexes for each output pro- 
duced and input used". 

Annual output consists of the volume 
of domestically caught skipjack and yel- 
lowfin tuna delivered to U.S. canneries 
over the 1979-83 period. The number of 
purse seine vessels comprising the U.S. 
fleet in each of the years 1979-83 is used 
as a measure of capital stock. Aggregate 
labor usage is measured in crew days ab- 
sent as described above. An estimate of 
annual fuel consumption by the fleet is 
obtained by dividing annual fuel expend- 
iture per vessel from the ITC sample by 
average fuel prices provided by the ATA. 
Fuel consumption per vessel is then mul- 
tiplied by the number of vessels in the 
fleet to get total fuel consumption. The 
quantity of other intermediate inputs used 
annually is approximated by deflating the 
nominal expenditure on this category of 
inputs by the producer price index for 
industrial commodities to obtain relative 
use in constant 1967 dollars. The quan- 
tity data used to construct the total factor 
productivity index is shown in Table 9 


14For a discussion of the properties of such a 
total factor productivity index see Christensen 
(1975). An application of this type of total factor 
productivity index is given in Ball (1985). 
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Table 9.—U.S. purse seine fleet economic indexes, 1979-83. 




















ttem and Unit Revenue Revenue T-T 
year (tons) price ($1,000) share index 
ipjack tuna 
1979 96,582 728.00 70,312 0.36 1.0000 
1980 116,085 1,063.00 123,398 0.46 1.0783 
1981 98,122 1,030.00 101,066 0.40 1.0060 
1982 101,837 965.00 98,273 0.42 1.0209 
1983 155,118 799.00 123,939 0.50 1.2260 
Yellowfin tuna 
1979 146,336 863.00 126,288 0.64 1.0000 
1980 120,555 1,180.00 142,255 0.54 0.8920 
1981 127,253 1,170.00 148,886 0.60 0.9170 
1982 122,132 1,123.00 137,154 0.58 0.8956 
1983 120,634 1,032.00 124,494 0.50 0.8958 
i 
| 
i Item and Unit Expense Expense T-T 
year Quantity price ($1,000) share index 
Inputs 
Capital (number of vessels) 
1979 336,000 42,000 0.20 1.0000 
1980 122 440,000 53,680 0.19 0.9953 
1981 119 625,000 74,375 0.25 0.9890 
1982 121 780,000 94,380 0.28 0.9922 
1983 108 725,000 78,300 0.28 0.9655 
Labor (number of crew days absent) 
1979 575,206 114.0896 65,625 0.32 1.0000 
1980 561,241 161.7273 90,768 0.33 0.9920 
1981 565,003 143.0099 80,801 0.27 0.9947 
1982 569,791 133.7859 76,230 0.23 0.9974 
1983 460,940 139.4108 64,260 0.23 0.9409 
Fuel (1,000’s of pny annually) 
1979 0.6820 31,375 0.15 1.0000 
1980 Po 4 0.8430 51,240 0.18 1.0470 
1981 69,006 0.8450 58,310 0.20 1.0735 
1982 78,354 0.8200 64,251 0.19 1.0948 
1983 62,671 0.8220 51,516 0.18 1.0523 
Other intermediate inputs (1967 dollars) 
1979 28,750 2.3652 68,000 0.33 1.0000 
1980 30,256 2.7500 83,204 0.30 1.0162 
1981 27,608 3.0431 84,014 0.28 0.9877 
| 1982 33,275 3.1273 104,060 0.31 1.0479 
j 1983 28,080 3.1615 88,776 0.32 0.9924 
Total 
output Aggregate input Aggregate factor Fleet 
i Item and price output price input prod. % 
| year index index index index index index 
; Indexes 
: 1979 1.0000 1.0000 1.0060 1.0000 1.0000 1.0000 
1980 1.4100 0.9733 1.2879 1.0096 0.9640 1.0554 
1981 1.3794 0.9561 1.4115 1.0066 0.9454 0.9239 
1982 1.3115 0.9462 1.3580 1.0293 0.9192 0.7737 
1983 1.1467 1.0479 1.5299 0.9830 1.0660 0.7990 





Sources: Statistics and Market News, Southwest Region, NMFS, NOAA; U.S. International 
Trade Commission; Inter-American Tropical Tuna Commission. 


| together with the T-T indexes and the ag- 
gregate output and input indexes. The 
total factor productivity index is dis- 
played in Figure 1. 

By combining the aggregate output 
price index (OPI), the aggregate input 
price index (/P/), and the total factor pro- 
ductivity index (TFP/), a composite fleet 
performance index (FP/) for year “t” can 
be written as: 


FPI, = OPI, * TFPIJIPI,, 
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where the terms to the right of the equal 
sign are those indexes defined above. 
The FPI is an expression of the economic 
performance of the fleet in year “t” rela- 
tive to the baseline year, 1979. Because 
the FP/ is an aggregation of ratios of out- 
put prices, input prices, cannery deliver- 
ies, and input usage, it reflects the effect 
of a change in any of these factors 
throughout the period 1979-83. Any in- 
crease in the aggregate output price index 
or the total factor productivity index, or 


both, relative to the aggregate input price 
index, will register an improvement in 
fleet economic performance. Likewise, 
the FP] will decline given a rise in input 
prices relative to a decrease in output 
prices, vessel productivity, or both. The 
FPI shown in Figure | denotes the collec- 
tive effect of changes in revenues, costs, 
and fleet productivity on fleet perform- 
ance over the 1979-83 period. 

Based on projections using the purse 
seine cost-earnings data from the 1984 
ITC investigation, we found that the U.S. 
fleet experienced a net accounting loss in 
1979, which is the base year used in cal- 
culating the fleet economic indexes. 
Therefore, when interpreting subsequent 
values of the FP], one should keep in 
mind that a value greater than one in year 
“t” does not necessarily mean that the 
fleet realized a profit in that year. It 
means that it improved its economic per- 
formance relative to the base year—that 
is, the fleet could be earning a profit in 
‘t”; the fleet could be just breaking even 
in year “t”; or the fleet is continuing to 
operate at a loss in year “t ,” although the 
loss will not be as great as in the base 
year. On the other hand, if the index in 

t” is less than one, the fleet is perform- 
ing worse than it did in the base year. 
Also, the indices are calculated for the 
fleet and therefore will not necessarily 
reflect the performance of an individual 
vessel. When a poorly performing vessel 
leaves the fleet, fleet performance may 
be enhanced due to an improvement in 
overall productivity. 

Through 1980, the FP/ improved due 
to a significant increase in the aggregate 
unit output price index which exceeded a 
substantial increase in the aggregate unit 
input price index and a slight decline in 
total factor productivity index. A decline 
in the aggregate output price index rela- 
tive to an increase in the aggregate unit 
input price index and little change in the 
total factor productivity index led to a 
drop in the FPI for 1981. The FPI 
decreased further during 1982 as the out- 
put price and total factor productivity 
indices moved downward while the input 
price index continued to rise. Due to a 
substantial decrease in the size of the 
fleet and a significant increase in tropical 
tuna cannery deliveries, the total 
productivity index increased sharply 
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in 1983. Because this was accompanied 
by a slight decline in the aggregate input 
price index, the FP/ rose despite a further 
decline in the aggregate output price 
index. 

The changes in the indices over the 
1979-83 period are not unexpected, 
given the developments in international 
supply and expansion of the fishery into 
more productive grounds. Ex-vessel 
prices have been depressed as the supply 
of raw tuna has increased, and at the 
same time input prices have continued to 
climb, which compels individual vessels 
to improve productivity to maintain over- 
all performance. On a fleetwide basis, 


this is reflected in the total factor produc- 
tivity index for 1983, the year in which 
there was a major push by the U.S. fleet 
into the western Pacific. 
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NOAA/NMFS Developments 


U.S. and South Pacific Island 
States Sign Regional Fisheries Treaty 


On 2 April 1987, representatives of the 
United States and Pacific Island States 
signed a 5-year regional fisheries treaty 
in Port Moresby, Papua New Guinea. 
The Pacific Island States which signed 
the agreement were: Australia, the Cook 
Islands, the Federated States of Microne- 
sia, Fiji, Kiribati, the Marshall Islands, 
Nauru, New Zealand, Niue, Palau, 
Papua New Guinea, the Solomon Is- 
lands, Tuvalu, Vanuatu and Western 
Samoa. The treaty sets forth the terms 
and conditions which will apply to fish- 
ing by U.S. vessels in the region. The 
treaty will enter into force after ratifica- 
tion by the United States and ten of the 
signatory Pacific Island States. Three of 
these ten must be Papua New Guinea, 
Kiribati, and the Federated States of Mi- 
cronesia. 


Regional Licenses 


Under this treaty, the U.S. tuna indus- 
try will purchase annual regional licenses 
issued by the South Pacific Forum Fish- 
eries Agency (FFA). During the first 
year, the industry has guaranteed the pur- 
chase of at least $1.75 million worth of 
licenses (35 licenses at $50,000 per ves- 
sel). In addition, $250,000 in annual 
technical assistance from the U.S. indus- 
try—the most advanced in the world— 
will help the Island States develop their 
own fishing industries. In many in- 
stances, fisheries are the principal natural 
resource available for development by 
the Island States. 

Associated with the treaty is an agree- 
ment between the Agency for Interna- 
tional Development (AID) and the FFA 
which provides an annual assistance 
package of $10 million to the Pacific Is- 
land States for 5 years. Of this assistance, 
$9 million will be in the form of a cash 
transfer, while $1 million will be in the 
form of AID development projects. The 
treaty is the product of over 2 years of 
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intensive negotiations which began in 
September 1984 in an effort to resolve 
the access problems encountered by 
U.S.-flag tuna vessels fishing in the re- 
gion. The successful conclusion of the 
treaty is in the best spirit of the long tradi- 
tion of close and productive relations be- 
tween the U.S. and the Pacific Island 
States. 


Background 


During the past several years, the U.S. 
tuna fleet has been fishing extensively in 


the Western Pacific Ocean. This region 
has now become a significant fishing area 
for the tuna fleet, though its traditional 
fishing grounds in the Eastern Pacific re- 
main important as well. The United 
States neither claims nor recognizes ju- 
risdiction over highly migratory species 
of tuna beyond 12 n.mi. from the coast. 
This position is mandated by the Magnu- 
son Fishery Conservation and Manage- 
ment Act and was endorsed by the Presi- 
dential Proclamation of 10 March 1983, 
establishing an Exclusive Economic 
Zone. However, all Pacific Island States 
claim jurisdiction over tuna to 200 n.mi. 
from their coasts. This jurisdictional dis- 
pute has resulted in the seizure of two 
U.S. tuna vessels in the Western Pacific 
in recent years: the Danica in 1982 by 
Papua New Guinea and the Jeanette 
Diana in 1984 by the Solomon Islands. 
Both incidents triggered retaliatory em- 
bargoes by the United States, as man- 
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dated by the Magnuson Act, on imports 
of tuna products from the seizing nations. 


Negotiations 

To resolve these problems, the United 
States began to negotiate a regional li- 
censing agreement with 16 Pacific Island 
States. After the negotiations began, the 
region took on increased importance 
when the Soviet Union successfully ne- 
gotiated a fisheries access agreement 
with the island nation of Kiribati and 
began to make overtures to other coun- 
tries in the region. The agreement with 
Kiribati lapsed after 1 year. However, the 
Soviet Union recently concluded a !-year 
agreement with Vanuatu. The treaty pro- 
vides the Island States with an alternative 
to dealing with the Soviet Union on fish- 
eries. The treaty sets out terms and condi- 
tions under which U.S.-flag fishing ves- 
sels will be able to purchase regional 
- licenses to gain access to some 10 million 
square miles of rich fishing waters in the 
South Pacific Ocean which are within the 
200-mile Exclusive Economic Zones of 
the Island States. Such an agreement 
would eliminate the prospect of seizures 
of U.S. vessels and the subsequent impo- 
sition of retaliatory embargoes. 

The U.S. Department of State believes 
that the agreement is a very good one 
from the point of view of the U.S. indus- 
try and fishermen involved in the region. 
The regional nature of the agreement 
makes a great deal of operational and 
practical sense from the fisherman’s 
point of view. The U.S. tuna industry 
will pay at least $2 million per year for 
this access. It has guaranteed the pur- 
chase of 35 regional licenses at $50,000 
each ($1.75 million) in the first year of 
the treaty, plus provide $250,000 in tech- 
nical assistance to the FFA (acting as 
agent for the Island States). Up to 5 addi- 
tional licenses (to a total of 40) may be 
purchased for $50,000 each; 10 further 
licenses (up to a total of 50) may be pur- 
chased for $60,000 each. In future years 
of the agreement, license fees will be in- 
dexed to the average price of yellowfin 
and bigeye tuna. However, the annual 
cost of an individual license will not drop 
below $50,000 per vessel. In an associ- 
ated agreement, the U.S. Government, 
through AID, will provide $10 million 
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annually for 5 years, in economic support 
to the Island States. 


Federal Assistance 


The U.S. Government assistance, 
called for by the agreement, responds to 
the long-standing U.S. commitment to 
assist the economic development of these 
democratic, pro-western Island States. 
The treaty will come into force when rat- 
ified by the United States and 10 Pacific 
Island States. Parties to the treaty are: 
Australia, the Cook Islands, the Feder- 





ated States of Micronesia, Fiji, Kiribati, 
the Marshall Islands, Nauru, New 
Zealand, Niue, Palau, Papua New 
Guinea, the Solomon Islands, Tonga, 
Tuvalu, Vanuatu, Western Samoa, and 
the United States. We expect that the 
treaty will come into force during the 
summer or fall of 1987. License fees and 
U.S. Government assistance called for 
under the treaty and the associated agree- 
ment must be paid before the industry 
may receive licenses. (Source: U.S. De- 
partment of State press release and IFR 
87/26.) 





Antarctic Fish Stocks 
May Be in Trouble 


Heavy commercial fishing in Antarctic 
waters, primarily by the Soviet Union, 
may have substantially depleted fish 
stocks in the region, according to a sur- 
vey being conducted by the Commerce 
Department’s National Oceanic and At- 
mospheric Administration (NOAA). 
William E. Evans, head of NOAA’s Na- 
tional Marine Fisheries Service, said sub- 
stantial decreases in fish populations 
could adversely affect other marine life in 
the area. 

The loss in stocks off the Antarctic 
Peninsula and in the Scotia and Waddell 
seas was revealed in reports from fish- 
eries scientists to the 19-member Com- 
mission for the Conservation of Antarctic 
Marine Living Resources. The Soviet 
Union is the primary fishing nation in the 
region. Groups of 6-12 Soviet trawlers 
were observed fishing in the survey area 
during the December 1986 leg of the re- 
search cruise. 

Catches in the South Georgia region, 
about 1,000 miles east of the tip of South 
America, increased from about 4,000 
tons in the 1972-73 season to a peak of a 
half-million tons in 1979-80, dropping to 
less than 75,000 tons in 1984-85. During 
the early years of harvesting, target spe- 
cies included the cod-like Notothenia, 
now apparently severely depleted. The 
commission eliminated fishing for 
Notothenia in 1984. The stocks of 
Notothenia in South Georgia waters this 
season are estimated at one-tenth those 
observed on an exploratory cruise con- 
ducted by West Germany in 1982, Evans 


said. Analysis is under way by U.S. and 
Polish scientists to confirm the prelimi- 
nary findings. 

Data from the survey suggest that ice- 
fish, a medium-sized, bottom-dwelling 
species heavily fished in the late 1970’s, 
are depleted or approaching depletion. 
The survey is being conducted jointly by 
the NMFS and the Sea Fisheries Institute 
of Poland, on the Polish vessel Prof. 
Siedlecki. It was currently operating in 
the vicinity of the Antarctic Peninsula, 
and had traversed the entire shelf area 
around South Georgia in the most thor- 
ough and extensive survey undertaken to 
date. 

Member nations of the commission in- 
clude Argentina, Australia, Chile, West 
Germany, France, East Germany, Japan, 
Norway, Poland, the USSR, the United 
Kingdom, and the United States. Evans 
said, however, that an evaluation made 
on one seasons’s effort must be inter- 
preted “cautiously.” 


Cape Hatteras Maritime 
Interpretive Center Eyed 


The National Oceanic and Atmos- 
pheric Administration (NOAA) is con- 
sidering a North Carolina proposal to es- 
tablish a maritime interpretation center at 
Cape Hatteras, N.C., which would high- 
light the USS Monitor as the most fa- 
mous shipwreck in the “Graveyard of the 
Atlantic.” Herbert Kaufman, chief of 
NOAA’s Marine and Estuarine Manage- 
ment Division, which, administers the 
USS Monitor Project and manages the 
Monitor National Marine Sanctuary off 
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Cape Hatteras, N.C. said, “The Monitor , 
which was built in New York, fought its 
most famous battle at Hampton Roads, 
and sank off Cape Hatteras, is a national 
treasure. North Carolina’s proposal is the 
kind of participation that we are encour- 
aging among a number of museums and 
other groups that can play key roles in 
telling the story of the Monitor.” 

NOAA recently selected the Mariners’ 
Museum of Newport News, Va., to be 
the principal Monitor museum, and rec- 
ommended that other groups and muse- 
ums, including the state of North Caro- 
lina, participate in the display and 
interpretation of Monitor artifacts. This 
could include loans of artifacts and the 
interpretation of specific aspects of the 
Monitor story. Further discussions on the 
North Carolina initiative will be held be- 
tween NOAA officials and the Director 
of the North Carolina Division of 
Archives and History and the Chairman 
of the North Carolina Marine Science 
Council, in conjunction with final ar- 
rangement being made with the 
Mariners’ Museum. The Civil War iron- 
clad USS Monitor, popularly credited 
with ending the era of wooden warships, 
sank in 230 feet of water 16 miles off 
Cape Hatteras on New Year’s Eve in 
1862 while under tow during a raging 
storm. It fought its most famous battle at 
Hampton Roads with the Confederate 
ironclad Virginia (formerly the Merri- 
mack) on 9 March 1862. 


Albacore Studied by 
NMFS, New Zealand, 
and French Scientists 


The NOAA ship Townsend Cromwell 
completed 2 months of fish stock surveys 
in the South Pacific in March, gathering 
information on albacore, Thunnus 
alalunga,, crab, shrimp, and bottomfish. 
Reports Jerry A. Wetherall, chief scien- 
tist on the albacore survey, the albacore 
research was a collaborative effort of the 
Cromwell, government research vessels 
from New Zealand and France (New 
Caledonia), and U.S. commercial alba- 
core boats. Wetherall is with the Hon- 
olulu Laboratory of the NMFS Southwest 
Fisheries Center. Besides U.S. scientists 
from Honolulu and the SWFC’s labora- 
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tory in La Jolla, California, the 
Cromwell’s survey crew included biolo- 
gists from New Zealand, the Cook Is- 
lands, and Tonga, Wetherall noted. 

A main objective of the albacore re- 
search was to describe ocean characteris- 
tics in regions where albacore are con- 
centrated near the sea surface and 
available for harvesting by U.S. trolling 
vessels. Another was to develop the ca- 
pability to predict albacore migration 
routes and seasonal changes in their loca- 
tion. 

Albacore are abundant in the South 
Pacific, but most of the annual catch of 
35,000 tons is harvested in subtropical 
waters at depths of 450-750 feet by tuna 
longlining fleets from Taiwan, South Ko- 
rea, and Japan. Only a few thousand tons 
are caught near the surface, mostly by 
small New Zealand trollers fishing near 
their home islands. In January 1986, two 
U.S. trollers ventured into the South 
Pacific for the first time, and made excel- 
lent catches at the surface in an area about 
1,200 miles south of Tahiti. The boats 
returned to the same location this year, 
joined by five other trollers, and are 
again making phenomenal catches of up 
to 10 tons of albacore per day. The devel- 
opment of the South Pacific fishery is a 
welcome upturn of fortune for the U.S. 
albacore fleet, which has been plagued 
with a dwindling market in the North 
Pacific due to cannery closings in Cali- 
fornia and Hawaii. 

The cooperative albacore survey took 
place in a band of water called the Sub- 
tropical Convergence extending from 
Chile to New Zealand about 2,400 miles 
south of the Equator. The Convergence is 
an area where subtropical and subantarc- 
tic waters blend together. Fishermen and 
biologists have found that this is where 
many kinds of open-ocean fishes are es- 
pecially abundant. At over 100 locations 
in this zone the research vessels lowered 
special instruments to depths of over 
3,000 feet to measure vertical and hori- 
zontal changes in ocean temperature and 
salinity. This information will be used to 
describe physical characteristics of the 
convergence and particularly the areas 
near the ocean surface considered opti- 
mum for albacore trolling. In these areas 
albacore concentrate to feed on small 
mackerel and other animals such as squid 


and amphipods. 

The research ships and the commercial 
boats also caught, tagged, and released 
alive several hundred albacore. It is 
hoped these fish will be caught again by 
U.S. fishermen, South Pacific islanders 
or Asian tuna longliners. A reward will 
be offered for return of the tagged fish. 
Recapture information will provide in- 
sights on South Pacific albacore migra- 
tion habits, about which nothing is 
known. Such krowledge is vital for lo- 
cating the best fishing grounds and sea- 
sons and for developing the scientific 
basis for international conservation of the 
albacore stock. 

In addition to the oceanographic map- 
ping and albacore tagging, the research 
vessels collected biological material for 
estimating the ages and growth rate of 
albacore and determining their geograph- 
ical origins, maturity, fat levels, and food 
habits. Data collected during the surveys 
and commercial fishing operations will 
be shared among researchers and fishing 
interests in the participating countries 
and used as a basis for rational fishery 
development and assessment of optimum 
catch levels. 

After the albacore survey was con- 
cluded, the Cromwell visited waters off 
Niue and American Samoa, where bot- 
tom depth contours were charted and a 
variety of fishing gear was used to sam- 
ple deep slope resources. Jeffrey J. 
Polovina, chief scientist for this portion 
of the cruise, reports that several species 
of deepwater shrimps were trapped 
around both Niue and American Samoa, 
but preliminary catch rates suggest that 
this resource is less abundant in these 
areas than in Hawaiian waters. Nautilus 
were also obtained in shrimp and fish 
traps deployed around American Samoa. 


U.S., France to Study 
Mid-Atlantic Ridge 


Anthony J. Calio, Under Secretary of 
Commerce and Administrator of the Na- 
tional Oceanic and Atmospheric Admin- 
istration (NOAA), and Yves Sillard, 
Director-General of the Institut Francais 
de Recherche pour |’Exploitation de la 
Mer (IFREMER), announced in late 
March plans to conduct joint oceano- 
graphic investigations on the Mid- 
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Atlantic Ridge in 1990-92. Several U.S. 
and French agencies will participate in 
the multi-disciplinary project, which will 
focus on the structure, dynamics, and 
composition of the deep-sea floor, the 
circulation and dispersion of hydrother- 
mal fluids, the related biological commu- 
nities, and the presence of metalliferous 
deposits on the Mid-Atlantic Ridge. The 
project is a continuation of work by the 
two countries on the East Pacific Rise. 

A joint U.S.-France task group will 
provide scientific recommendations and 
an organizational plan for a research pro- 
gram, including possibilities for research 
by scientists from other countries, by 
1988. The project will include several 
months of operation at sea using surface 
ships and submersibles. 


Turtle Saving Rules for 
- Shrimp Boats Are 
Phased in This Year 


The Commerce Department issued 
regulations in June requiring shrimp fish- 
ermen in the Gulf of Mexico and parts of 
the Atlantic Ocean to begin reducing the 
number of sea turtles caught inadver- 
tently in their nets. The regulations, cul- 
minating a series of discussions and pub- 
lic hearings with environmental groups 
and shrimp fishing organizations that 
began last fall, will become effective be- 
ginning, in some cases, in October 1987. 
They will require some shrimp boats to 
install turtle excluder devices, known as 
TED’s, in their nets. The TED is de- 
signed to allow turtles to escape from 
trawl nets while the nets still retain the 
shrimp. 

The Commerce Department’s National 
Oceanic and Atmospheric Administra- 
tion (NOAA) estimates that almost 
48,000 turtles are caught each year in 
shrimp nets and more than 11,000 of 
them drown. Sea turtles, whose popula- 
tions have fallen substantially in recent 
years, are protected by Federal law. 
NOAA said it expects these new regula- 
tions to reduce significantly the acciden- 
tal killing of all five endangered and 
threatened sea turtles—the loggerhead, 
Kemp’s ridley, green, leatherback, and 
hawksbill—found from Texas to North 
Carolina. The regulations will not require 
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TED’s to be carried by shrimp boats of 
less than 25 feet fishing in offshore 
waters or shrimp boats of any length fish- 
ing in inshore waters, provided they limit 
the time they tow their nets to 90 min- 
utes. There will be no tow-time restric- 
tions for these boats if they install TED’s. 

Starting 1 October, shrimp boats 25 
feet and longer fishing offshore in the 
Canaveral, Fla., area must use TED’s. 
The TED requirement for other offshore 
boats 25 feet and longer will be phased in 
during 1988. Beginning 1 January, boats 
in the southwest Florida area will have to 
carry TED’s when they are within 15 
miles of shore. From March through 
November, shrimpers in the Gulf will be 
required to use TED’s within 15 miles of 
shore. Shrimp boats in all Atlantic waters 
must use TED’s from May through Au- 
gust. Copies of the regulations can be 
obtained from either Charles Karnella, 
National Marine Fisheries Service, 
Room 805, 1825 Connecticut Ave., 
N.W., Washington, DC 20235, or from 
Charles Oravetz, NMFS, 9450 Koger 
Blvd., St. Petersburg, FL 33702 (tele- 
phone 813-893-3366). 


Sea Turtle Reports Are 
Ruled for Texas Closure 


Owners or operators of shrimp 
trawlers must report any incidental taking 
of endangered or threatened sea turtles in 
Federal waters outside the closed area off 
Texas according to Craig R. O’Connor, 
Acting Regional Director of the National 
Marine Fisheries Service (NMFS). The 
requirements for reporting incidentally 
caught sea turtles were published in the 
Federal Register on 21 May 1987, but 
were not in effect until approved by the 
Office of Management and Budget. That 
approval was published on 8 June. 

Federal waters from 9 to 15 n.mi. off- 
shore from Texas were closed on 1 June 
to coincide with the closure by Texas of 
its offshore waters. The closure is sched- 
uled to remain in effect through 15 July. 
During this period, the owner or operator 
of a shrimp trawler that incidentally takes 
any sea turtle must report the following 
information within 24 hours after land- 
ing: The vessel’s name, the species of 
turtle caught, the date and location where 
caught, whether alive or dead when re- 





leased, whether or not the turtle was 
tagged, the tag number, if any, and the 
approximate tow time. Sea turtle identifi- 
cation guides and cards for submitting re- 
ports may be obtained from and reports 
must be submitted to: Director, NMFS 
Laboratory, 4700 Avenue U, Galveston, 
TX 77550. 


Alleged Turtle Killing 
Under Investigation 


On 23 July 1987, Federal agents from 
the National Marine Fisheries Service 
and officers of the Florida Marine Patrol 
jointly investigated an alleged butchering 
of a 250-pound loggerhead sea turtle in 
Sugarloaf Key, Fla. Loggerhead sea tur- 
tles are listed as a threatened species 
under the Endangered Species Act of 
1973, 16 U.S.C. 1531 et seq., and regu- 
lations promulgated thereunder at 50 
C.F.R. Part 227. 

As a result of the investigation, Ray- 
mond E. Martinez and Suzanne S. Fer- 
nandez, both of Monroe County, Fla., 
were arrested on Saturday, 25 July 1987, 
on Federal warrants. Martinez and Fer- 
nandez appeared before U.S. Magistrate 
Hugh Morgan. They were each released 
on $50,000 personal surety bonds. The 
information charges the defendants with 
conspiracy in the unlawful taking and 
possession of a threatened marine reptile 
that is a loggerhead sea turtle. A criminal 
conviction on these charges could result 
in fines up to $10,000 and/or 6 months 
incarceration per count. 

Two persons who fled the scene of the 
alleged crime were being actively sought 
for questioning. Anyone having informa- 
tion regarding the whereabouts of these 
two people should contact the National 
Marine Fisheries Service at 305-294- 
7444 or the Florida Marine Patrol at 305- 
743-6542. A trial date had not yet been 
set. 


Monk Seals Moved to 
Hawaii's Kure Atoll 


Three 1-year-old Hawaiian monk seals 
were moved to Kure Atoll in early April 
as part of the National Marine Fisheries 
Service (NMFS) program to rebuild that 
seal population, reports Richard S. 
Shomura, Director of the NMFS South- 
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west Fisheries Center’s Honolulu Labo- 
ratory. “These three females were res- 
cued last summer as underdeveloped 
pups at French Frigate Shoals,” Shomura 
reported. They were brought to Honolulu 
on chartered flights paid for by the Center 
for Environmental Education, a national 
nonprofit organization dedicated to pro- 
tecting marine wildlife and their habitat. 

William G. Gilmartin, Leader of the 
Honolulu Laboratory’s Marine Mammals 
and Endangered Species Program, said 
“All three of the pups were initially taken 
to our Kewalo Research Facility where, 
with the assistance of a few volunteers, 
they were hand fed once or twice daily 
for several weeks before they began feed- 
ing on their own.” Two of the pups were 
then transferred to the Waikiki Aquarium 
where they were cared for until about 
February, when they were returned to 
Kewalo Basin. “Monday morning the 
three were given their last meal of dead 
fish, and early Tuesday they were taken 
to the Coast Guard Station at Barbers 
Point for the 5-hour flight to Kure and 
their first live reef-fish meal,” Gilmartin 
said. At Kure, with the assistance of 
Coast Guard Loran Station personnel, 
they were carried from the plane to a 
large fenced enclosure on the beach. 
“They will only be kept in this pen about 
a month,” according to Gilmartin, “until 
they demonstrate they can catch suffi- 
cient live food on their own to support 
themselves. The enclosure is kept 
stocked with fish trapped in the lagoon 
there, so they learn to feed on the same 
species they will find when they are re- 
leased.” He added that “This technique 
has proven successful the last 2 years, 
1985 and 1986, with five animals reha- 
bilitated and relocated in the same man- 
ner: All are still alive and appear 
healthy.” And, Gilmartin said “This ef- 
fort is critical to recovery of the Kure 
monk seal population, since the number 
of births at Kure in recent years has been 
very low; last year only a single male pup 
was born. We are adding more females to 
Kure with this relocation work than are 
being born at Kure.” 

According to Shomura, “A very sig- 
nificant milestone was reached at the end 
of March at Kure when one of the first 
females reared in the pup ‘Head Start’ 
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project gave birth. This work, started in 
1981, involves collection of all female 
pups at Kure after they are weaned. They 
are kept in this beach enclosure during 
the critical 2-5 months between weaning 
and the end of the summer, to protect 
them from sharks and aggressive adult 
male seals.” The pups are flipper tagged 
before release and Gilmartin said, “That 
is how we are able to follow them year to 
year, and monitor survival, movement, 
and reproductive patterns. That tag infor- 
mation is how we knew that one of the 
1981 pups gave birth this year.” He said 
“The only other information available to 
us on age at first birth in the monk seal 
was a single animal known to have a pup 
at 7 years, but even at 6 years, this is a 
late maturing species, compared with 
other seals.” 

Gilmartin added that “Since the Head 
Start projec: was started at Kure in 1981, 
13 Kure-born female pups have spent 
their first summer in the enclosure, and 
since 1985 eight female yearlings, relo- 
cated from French Frigate Shoals, have 
learned to feed in the enclosure before 
release at Kure. Of these 21 seals, only 1 
has disappeared.” Gilmartin emphasized 
the importance of this recent birth as the 
real measure of success: Getting more 
breeding females into the Kure monk seal 
population. And, he said “Everyone who 
has helped-us with this recovery work 
over the last 6 years deserves some credit 
for this success, including the U.S. Fish 
and Wildlife Service, Center for Envi- 
ronmental Education, the U.S. Coast 
Guard, State of Hawaii, Waikiki Aquar- 
ium, and the many volunteers who have 
assisted with the collection and captive 
care and feeding of the young seals.” 


Hawaiian Research Eyes 
Pelagic Armorhead, Seals 


A 45-day research cruise by the 
NOAA ship Townsend Cromwell , which 
ended 14 May 1987, conducted fisheries 
research in the vicinity of the Hancock 
Seamounts, Northwestern Hawaiian Is- 
lands, and off leeward Oahu, reports 
Richard S$. Shomura, Director of. the 
NMFS Southwest Fisheries Center’s 
Honolulu Laboratory. The cruise con- 
sisted of two parts; the first was 38 days 


and involved primarily the collection of 
biological and oceanographic data from 
the Hancock Seamounts and adjacent 
waters. Secondary missions, according 
to Shomura, involved the establishment 
of a scientific field camp at Laysan Island 
in the Northwestern Hawaiian Islands for 
studies of the Hawaiian monk seal and 
other wildlife, and the transport of five 
adult monk seals from Laysan Island to 
Honolulu. The iast 7 days involved sea 
trials of new sampling gear for juvenile 
fishes and invertebrates. 

Robert L. Humphreys, Jr., Chief Sci- 
entist of the first part of the cruise, re- 
ported that fishing operations were con- 
ducted at the Hancock Seamounts to 
assess the relative abundance of pelagic 
armorhead and other commercially valu- 
able fishes. These operations provide in- 
formation for monitoring the recovery of 
these previously depleted fish stocks and 
also provided specimens for biological 
studies. The pelagic armorhead was the 
target of a Soviet and Japanese traw! fish- 
ery at these and other northern seamounts 
and were intensively fished during 1968- 
76. In 1977, U.S. implementation of the 
200-mile Fishery Conservation Zone 
brought the Hancock Seamounts under 
U.S. jurisdiction. Limited foreign fish- 
ing, by permit only, occurred at the Han- 
cock Seamounts during 1978-84, and by 
1985 these seamounts were closed to all 
foreign fishing. Preliminary results from 
this and other recent cruises indicate that 
the armorhead resource at the Hancock 
Seamounts is slowly recovering. 

During Leg I, current meter moorings 
were successfully deployed and retrieved 
for the first time from the summit and 
upper slopes of the Hancock Seamounts. 
Results should provide insight on the 
possible relationship between seamount 
oceanography, fish distribution, and food 
availability at the Hancock Seamounts. 

The relocation of the five adult monk 
seals from Laysan Island to Honolulu is 
part of an investigation being conducted 
by Honolulu Laboratory personnel into 
incidences of “mobbing” behavior at 
Laysan Island involving the injury and 
death of female Hawaiian monk seals. 
All five adult monk seals removed from 
Laysan Island were aggressive males pre- 
viously involved in such incidents. These 
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monk seals are currently being main- 
tained at the Kewalo Research Facility of 
the Honolulu Laboratory. 

The second leg of the cruise was con- 
ducted off Kahe Point, Oahu, and in- 
volved sea trials on three new types of 
gears for collecting juvenile fishes and 
invertebrates. Bert S. Kikkawa, Chief 
Scientist, reported that the new sampling 
tools included a fine mesh midwater rope 
trawl, a large surface or neuston trawl, 
and plastic light traps. These new tools 
will be used in the future to assess species 
diversity and distribution patterns of ju- 
venile fishes and invertebrates for island 
recruitment, age, and growth studies. 


Japanese Request to Take 
Seals and Porpoises Cut 


The Commerce Department substan- 
_ tially reduced in May 1987 Japan’s re- 
quested annual quota of certain marine 
mammals that could be killed during fish- 
ing operations in the 200-mile U.S. fish- 
ery conservation zone in the North 
Pacific Ocean and Bering Sea. The new 
Federal permit, which went into effect on 
10 June, allows the salmon fishermen to 
take 6,039 Dall’s porpoises over the next 
3 years, but does not allow taking of seals 
or sea lions. The permit further set a limit 
of 2,942 porpoises that can be taken in 
any one year. 

In July 1986, the Japanese, through a 
salmon fishing association, requested a 
5-year permit that would have set an an- 
nual quota of 5,500 porpoises, 450 north- 
ern fur seals and 25 Steller sea lions 
caught accidentally during the salmon 
harvest. The marine mammals can be- 
come entangled, and frequently injured 
or drowned, in the nylon gillnets used by 
the Japanese fishermen. The ruling fol- 
lows extensive hearings held late last 
year in Seattle, Wash., in which more 
than a dozen animal rights and environ- 
mental organizations and other groups, 
including the Japanese salmon fishing as- 
sociation, participated. 

The administrative law judge in charge 
of the hearings had recommended a 5- 
year permit that would allow 1,750 por- 
poises and 45 northern fur seals to be 
killed or injured in 1987. The porpoise 
quota would have been reduced 5 percent 
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each year for the next 4 years. The Com- 
merce Department’s National Oceanic 
and Atmospheric § Administration 
(NOAA) said the judge’s recommenda- 
tion would have allowed just under 5,000 
porpoises and 135 fur seals to be taken in 
the first 3 years. But, NOAA added, the 
judge failed to provide a quota for taking 
Dall’s porpoise from the Bering Sea pop- 
ulation, even though he found the stock 
to be healthy. 

NOAA’ total quota is slightly higher 
than the judge’s recommendation, the 
agency said, because it reflects the addi- 
tion of the Bering Sea population. NOAA 
estimates the present population of Dall’s 
porpoise in the western North Pacific to 
be just over 692,800, and in the Bering 
Sea to be about 216,000. NOAA was un- 
able to determine if the Soviet stock of 
fur seals was depleted, although the 
agency does consider the stock of fur 
seals off Alaska’s Pribilof Islands de- 
pleted. As a result, NOAA said, no inci- 
dental take of either stock will be al- 
lowed. 


Mexican Fishing Vessels 
Seized, Fined, Released 


On 20 March, 1987, U.S. Coast Guard 
personnel from the cutter Pt. Baker and 
from the Coast Guard Station at Port Isa- 
bel, Tex., intercepted and seized two 
Mexican shark boats fishing illegally in 
the U.S. exclusive economic zone off 
Port Isabel, announced Craig O’Connor, 
Acting Regional Director, NMFS South- 
east Regional Office. The two seized 
boats, 25- to 26-foot fiberglass open- 
cockpit crafts powered by 48-55 horse- 
power outboards, were fishing between 5 
and 10 n.mi. north of the U.S.-Mexican 
border about 27 miles offshore. Both ves- 
sels made a run for the border before 
being apprehended. The vessels were 
part of a larger pack of vessels that had 
been observed fishing north of the border 
on 19 and 20 March by USCG air and sea 
units. 

NMFS dispatched Special Agent 
Robert Williams to Port Isabel on 20 
March to assume custody of the vessels, 
gear, and catch and to assist the Coast 
Guard boarding personnel with state- 





ments and case preparation activities. 
Notices of Violation and Assessment 
were transmitted to Special Agent 
Williams on 25 March 1987 for service 
upon the owners/operators of the seized 
boats. The owners/operators of these 
boats were involved in an October 1986 
incident when they were assessed and 
paid penalties of $500 each for the return 
of their vessels. On Friday, 27 March 
1987, Martin Hernandez and Higinio 
Gomez Mendoza settled their cases with 
the government by paying penalties of 
$1,500 each, in addition to forfeiting 
their gear and fish. This is three times the 
settlement amount paid in October 1986. 

Then, on 8 April 1987, U.S. Coast 
Guard personnel from the cutter Pt. Now- 
ell and the Coast Guard Station at Port 
Isabel, Tex., intercepted and seized four 
more Mexican shark boats fishing ille- 
gally in the U.S. exclusive economic 
zone (EEZ) off Port Isabel, O’Connor re- 
ported. The U.S. Coast Guard had re- 
ceived complaints that Mexican shark 
boats were fishing in the U.S. EEZ. A 
Coast Guard helicopter, a 41-foot Coast 
Guard patrol boat, and the Pt. Nowell 
were dispatched to detect and intercept 
these vessels. The Coast Guard heli- 
copter documented fishing activity by 
several Mexican vessels. The 41-foot pa- 
trol boat intercepted and seized three 
Mexican vessels before they cou'd leave 
the U.S. EEZ. The Pt. Nowell inter- 
cepted and seized a fourth Mexican shark 
boat in the U.S. EEZ. The four vessels, 
28- to 30-foot fiberglass open-cockpit 
crafts, were powered by 48-55 horse- 
power outboards. 

NMFS dispatched two Special Agents 
to Port Isabel to assume custody of the 
vessels and gear. Special Agent Joseph 
Noone served the owners and operators 
(Respondents) of the four Mexican ves- 
sels with Notices of Violation and As- 
sessment. The cases were settled be- 
tween the Government and Respondents 
on Tuesday, 28 April 1987. The 
Respondents paid $500 for each of the 
four violations, and forfeited the gear on- 
board the vessels. Additionally, the own- 
ers of the vessels agreed to relinquish and 
transfer to the U.S. Government the 
right, title, and interest in their vessels if 
they are observed violating the Magnu- 
son Act again within 2 years. 
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Foreign Fishery Developments 


United States-Spain 
Fisheries Trade, 1980-85 


Introduction 


The U.S. fishing industry’s hopes to 
enter the $500 million Spanish seafood 
market have not materialized, even 
though Spain was forced to become a net 
importer of fishery products in 1977, due 
to the extension of 200-mile Exclusive 
Economic Zones (EEZ) by coastal coun- 
tries. U.S. exports of edible seafoods to 
Spain have declined to only $3.5 million 
in 1980 to only $0.2 million in 1985 (Fig. 
1) At the same time, Spain has increased 
its exports to the United States from $20 
million in 1980 to $38 million in 1985. 
Important U.S. fishery products exported 
to Spain in 1985 included frozen squid, 
Pacific salmon, and salted cod. Spanish 
exports to the United States during 1985 
included significant amounts of fresh or 
frozen tuna, swordfish, and shellfish. 

Spain’s | January 1986, accession to 
the European Community (EC) has 
begun to change Spain’s highly struc- 
tured system of import regulations. It is 
difficult to anticipate the immediate im- 
pact of Spanish entry into the EC on 
U.S.-Spain trade in fishery products, as 
tariffs and quantitative restrictions on 
certain commodities will not be fully 
modified for another 7-10 years. The 
United States and the EC are currently 
discussing EC trade policies under Arti- 
cle XXIV of the General Agreement on 
Tariffs and Trade (GATT). These GATT 
meetings will serve to clarify both the 
U.S. and EC positions on fish trade. 


The Spanish Seafood Market 


The Spanish market for seafood prod- 
ucts is highly developed, and Spanish 
consumers are known for their high 
standards and good taste in choosing 
quality seafoods. Spaniards consume 
more than twice the seafood eaten by the 
average EC citizen, who consumes 15 kg 
per year. Spain’s domestic market for ed- 
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ible fishery products, one of the largest in 
Europe, is estimated to be worth about 
$500 million. 

Spaniards consumed more than 1.2 
million metric tons (t) of seafood prod- 
ucts during 1985. About 25 percent of the 
total Spanish supply of fishery products 
was imported. Spanish consumers have 
traditionally enjoyed eating fish and 
shellfish; in 1985, Spain ranked eighth 
worldwide in seafood consumption with 
35 kg per person. Of this amount, fresh 
fish and shellfish accounted for 70 per- 
cent; frozen, 25 percent; and canned/pre- 
served, 5 percent. 

Nearly half of the seafood consumed in 
Spain consists of pelagic species landed 
by the Spanish fleet and consumed fresh. 


Favored species include sardine, an- 
chovy, tuna, and mackerel. Groundfish 
species make up about 40 percent of 
seafood consumption. Hake is the favor- 
ite species, followed by cod, monkfish, 
and sole. Shellfish, such as squid and 
shrimp, are also sought by Spanish con- 
sumers. Although fresh fish is the tradi- 
tional consumer preference, frozen fish is 
slowly gaining acceptance and the shift 
toward frozen products has accelerated in 
recent years. Nearly 20 percent of all 
seafood now sold in Spain in frozen. A 
significant amount of Spanish seafood 
imports are in frozen form. 


The Spanish Fisheries Trade 


The advent of the global extension of 
fishery jurisdictions to 200 miles in the 
late 1970’s limited Spain’s access to tra- 
ditional distant-water fishing grounds. 
Lack of access of species favored by the 
Spanish consumer and the inability of 
Spanish fishermen to harvest enough fish 
within their own EEZ has forced Spain to 
become a net importer of fishery products 
(Table 1). Because Spain has been unable 
to remain self sufficient, the Spanish 
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Figure |.—Spain’s total fishing imports vs. imports 
from the United States, by quantity, 1975-85. 
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Government has sought access for its 
large fleet in distant-water fishing 
grounds. 

Spain’s important “bilateral trade 
regime” was developed and adopted dur- 
ing 1977 in response to the changing 
regime of the sea. The objective of this 
policy was to protect the interests of 
Spain’s powerful fishing fleet and fisher- 
men’s organizations. The intent of the 
policy was to link foreign access to 
Spain’s profitable market with Spain’s 
access to foreign EEZ’s. This policy used 
both tariff and nontariff barriers (licens- 
ing, regulations, marketing standards, 
import quotas) to influence, or entice, 
other countries into issuing fishing per- 
mits to Spanish vessels. 

The accession of Spain to the EC is 
changing Spanish fishery policy, as well 
as having an apparent impact on EC fish- 
eries policy making. In revamping the 

_then current Common Fisheries Policy 
(CFP) (which was valid until the end of 
1986), an EC proposal to the Council of 
Ministers linked access to the EC market 
with EC vessel fishing rights in foreign 
EEZ’s. This new approach, whether in- 
fluenced directly by Spanish entry or not, 
was still being discussed at the Council 
level and was not yet official Community 
policy. 

The EC’s Common Fisheries Policy, 
which governs all aspects of the Member 
States’ fisheries, has become the new 
“framework” for Spanish fishery policy. 
Although EC accession will eventually 
“relax” Spain’s trade barriers towards the 
Community, non-EC countries will 
clearly continue to be at a disadvantage 
vis-a-vis trade with Spain. In abiding by 
the Treaty of Accession, Spain will have 
to redirect its trade flows to buy more, 
increasingly, from the other members of 
the Community. The percentage of 
Spanish trade conducted with the EC is 
already substantial due to a preferential 
trade agreement in effect since 1970. As 
of 1 March 1986, however, the Spanish 
were obligated to begin increasing the 
Community share of their fishery imports 
by 15 percent, annually, until 31 Decem- 
ber 1992. Although the United States ex- 
ports fewer edible fishery products to 
Spain than to any other country in the 
European Community (Table 2), acces- 
sion is certain to hurt the potential for 
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Table 1.—Spain's fishery catch, imports, and balance 











of trade, by quantity. 
Quantity (t) 

Balance of 
Year Catch! Imports _ Exports trade 
1975 1,500,000 170,000 
1976 1,450,000 140,000 
1977 1,400,000 130,000 
1978 1,350,000 200,000 
1979 1,200,000 250,000 
1980 1,250,000 299,400 158,300 —141,100 
1981 1,250,000 270,700 257,700 - 13,000 
1982 1,350,000 329,500 234,400 - 95,100 
1983 1,250,000 268,800 203,800 - 65,000 
1984 1,200,000 297,000 209,500 — 88,000 
1985 323,300 230,000 - 93,000 





1Data is rounded off; no data available for 1985. 


increased U.S. fishery exports. U.S. 
products available for export to Spain 
will be subject to the generally higher EC 
Common Customs Tariff (CCT, or EC 
import tariffs applicabgle to non-EC 
products) once entering the EC and will 
have to compete with EC products enter- 
ing Spain with no tariff. Therefore, U.S. 
products will be less economically viable 
than those products from EC Member 
States or countries with EC trade agree- 
ments, such as Norway and Iceland. 


Imports 

During the past 5 years, Spanish im- 
ports of edible fishery products increased 
an average of 7 percent, from 299,500 t 
imported in 1980 to 323,000 t in 1985. 
The peseta (P) value of these imports in- 
creased by 80 percent, going from P39 
billion to P70 billion. The value of 
Spain’s total imports of edible fishery 
products when measured in U.S. dollars 
($), however, decreased from $539 mil- 
lion to $412 million due to both the 
Spanish and U.S. inflation rates and the 
sustained strength of the dollar. (The av- 
erage rate of exchange for the Spanish 
peseta (P) during 1980 was US$1.00 = 
P71.70; during 1985 the average rate in- 
creased to US$1.00 = P170.04.) 

Spain’s most important suppliers of 
fishery products include France, Den- 
mark, Italy, Iceland, Argentina, Chile, 
and South Korea. These imports have tra- 
ditionally included fresh or frozen whole 
hake and hake fillets, frozen tuna, dried 
cod, frozen shrimp, and frozen squid. 


Import Tariff System 
Before Spain was obligated to begin 


Table 2.—U.S. exports of edible fishery products to 
oa ee eee 











U.S. exports (1,000 t) 
Country 1980 1981 1982 1983 1964 19865 
U.K. 20.0 21.7 105 15.1 147 12:5 


140 110 90 87 
92 67 38 54 31 27 
§6 42 38 33 26 27 


476 478 3.0 366 


1Greece became a Member State of the EC in January 
1981. 

2Spain and Portugal became “ember States of the EC in 
January 1986. 





gradual harmonization of its tariff regula- 
tions with the EC, the Government of 
Spain utilized various tariff instruments 
to restrict imports of fishery products. 
“Ordinary” tariffs, the Internal Compen- 
satory Tax (ICGI), and the Variable 
Compensatory Levy (VCL) were applied 
to prevent the importation of products at 
less than the domestic price for compara- 
ble products. 

The “ordinary” tariffs were applied at 
4 different official rates, depending on 
the country of origin of the product in 
question. Because Spain had a preferen- 
tial trade agreement with both the EC and 
the European Free Trade Association 
(EFTA), there was both a reduced EC 
and an EFTA rate on fishery imports 
from those countries. The “GATT rate” 
applied to imports from signatories of the 
GATT having trade agreements with 
Spain, and the “general rate” applied to 
imports from countries with which Spain 
had no trade agreement. 

In addition to ordinary tariffs, imports 
were also subject to the ICGI, and the 
VCL. the ICGI has since been replaced 
by the EC’s Value Added Tax (VAT), a 
revenue-producing internal sales tax. Im- 
ports of certain products were also poten- 
tially subject to the nondiscriminatory 
VCL. The VCL was a variable levy, re- 
viewed, and frequently changed without 
prior notice by the Government to make 
sure that certain imported products were 
not entering the country at a price lower 
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Table 3.—Spanish fishery products for which quantita- 
tive restrictions on imports from non-EC countries may 





Table 4.—U.S. exports of edible fishery products to Spain, by commodity, quantity, and value, 1980-85. 














be Quantity (t) Value (US $1,000) 
tem Item Commodity 1980 1981 1982 1983 1984 1985 1980 1981 1982 1983 1984 1985 
Fish Fish Fish 
Fillets Salmon 
Whole, headless, or Fresh or frozen 70 62 82 105 146 109 $ 260 $ 246 $ 318 $ 369 $ 521 $380 
in pieces Cod (fresh or chilled) Canned 2 3 2 2 10 15 7 7 
Cod (fresh or chilled) Hake (frozen) Other 
Cod (dried) Fresh or frozen 706 326 140 65 80 18 1,575 604 280 79 #167) «18 
Anchovies (fresh or Shellfish Dried 54 33 404 84 162 118 645 ~120 
i Roe 4 2 11 2 1 3 49 302 #8163 44 2835 
Hake (fresh, chilled, Spinous spider crab = 6 SE iO Oo ES SS eC 
ae (fresh) Subtotal 836 450 639 256 229 132 2,056 1,285 1,413 612 723 433 
Blue whiting Venus clam (fresh or 
Horse mackerel chilled) Shellfish 
Frozen 30 616 1,934 321 162 1,335 57 1,103 3,665 484 224 
Canned 41 10 
Shrimp 
Frozen 16 12 52 33 
Canned 1 1 3 6 
ef teks Other e ?7 ¢ 4 80 1 
than the current domestic price for those auttary, eb tai iin Ah cea ORE conte senda. sweater, -cimes 
Subtotal 686 53 616 1,947 326 163 1425 149 1,103 3,701 517 231 


products. The list of products affected by 
the VCL were published in the weekly 
Boletin Oficial del Estado (the Spanish 
“federal register”). The following species 
appeared regularly on the VCL list: Cod, 
squid, tuna, sardines, anchovy, hake, 
and crustaceans. As is the case for most 
countries, tariffs were highest on those 
products which competed with domestic 
production and lowest on products, such 
as tuna, which were required by domestic 
processors. 

Spain was obligated on 1 March 1986 
to begin harmonization of its import 
duties and the EC CCT duties, in seven 
equal installments of 12.5 percent, on 1 
January of each year. The CCT will 
apply in full from 1 January 1993. In ad- 
dition, the Government of Spain is re- 
quired to eliminate all countervailing 
charges on imports of fishery products. 
Spain will be allowed, however, to main- 
tain quantitative restrictions up to 31 De- 
cember 1992 on imports of certain fish- 
ery products (Table 3). EC reference 
prices will apply to each of those prod- 
ucts once the quantitative restrictions 
have been abolished. With the accession 
of Spain, three new species (monkfish, 
megrim, and pomfret) will be added to 
those species already covered by the EC 
price support and market control system 
(reference and withdrawal prices). 


Nontariff Import Controls 


Under the bilateral trade regime, the 
most effective nontariff import control 
mechanism used was the import license. 
The Government of Spain reserved the 
right to grant, deny, or suspend import 
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295 $3,481 $1,434 $2,516 $4,313 $1,240 $664 





licenses as it deemed “appropriate.” 
Under this system, import license appli- 
cations from countries without bilateral 
agreements with Spain were considered 
on a case-by-case basis. The Directorate 
General for Tariff Policy and Imports in 
the Ministry of Economy and Finance, 
was responsible for reviewing import li- 
cense applications, taking into account 
the requirements of the domestic industry 
and the level of imports from countries 
under bilateral agreements. In effect, 
countries that wanted to export fishery 
products to Spain were prevented from 
doing so, unless they were already bound 
by a bilateral agreement, usually offering 
catch allocations in return for export op- 
portunities. 


Exports 


Although Spain continues to increase 
its fishery imports, exports of edible 
Spanish fishery products have also 
steadily increased. Between 1980 and 
1985, exports of edible fishery products 
increased by 45 percent, from 158,300 t 
to 230,700 t. The peseta value of these 
exports increased as well, from P24,000 
in 1980 to P60,400 in 1985, an increase 
of 140 percent. The dollar value of these 
exports, however, increased by only 4 
percent, from $340 million in 1980 to 
$355 million in 1985. The principal des- 
tinations for these Spanish products, 
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Figure 2.—Spanish imports of U.S. 
fishery products vs. exports of fish- 
ery products to the United States by 
quantity, 1980-85. 


mostly fresh or frozen tuna, frozen squid, 
and canned sardines, have included Italy, 
Portugal, France, and the United States. 


U.S.-Spain Fisheries Trade 


The value of U.S.-Spain fisheries 
trade in 1985 totaled almost $40 million, 
with Spanish exports to the United States 
(12,000 t valued at $38 million) making 
up the majority, both by quantity and 
value, of that trade relationship. U.S. ed- 
ible exports to Spain reached a low of 295 
t valued at $0.7 million during 1985 (Fig. 
2 and Table 4). Although Spanish exports 
of fishery products to the United States 
have represented a steady 6 percent of 
Spain’s worldwide exports of edible fish- 
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Table 5.—U.S. imports of edible fishery products from Spain, by commodity, quantity, and value, 1980-85. 





























Quantity (1) Value (US $1,000) 
Commodity 1980 1981 1982 1983 1984 1985 1980 1981 1982 1983 1984 1985 
—~ 
“Fresh or frozen 5,500 15,886 9,300 2,800 13,000 3.600 «4,600 «*19.516 10,604 +~—«-2,650 «17,000 7,360 
Canned 66 77 54 65 103 151 367 402 302 300 394 560 
Swordfish 
Fresh 1,275 6,520 
Frozen 15 20 36 99 
Fresh or frozen 138 78 112 58 118 368 190 353 421 206 409 1,005 
Canned! 1,062 1,385 1,100 1,313 1,836 2,075 6,022 7,764 5,900 4,917 7,323 8,597 
Cured _531 25 16 _119 137 210 1,142 73 21 277 306 396 
Subtotal 7,297 17,451 10,582 4,370 15,194 7,699 12,321 28,108 17,338 8,386 26,332 24,537 
Shellfish 
Fresh or frozen 248 119 92 177 40 176 2,277 1,828 1,478 2,990 271 1,964 
Canned 2 1 33 2 1 292 
Rah or frozen 1,730 1,953 2,560 2,801 3,316 4,445 5,478 4,858 5,368 6,940 7,858 11,374 
Canned 7 13 e oe 11 8 44 72 42 41 48 
Subtotal 1,985 2,085 2,658 2,929 3,367 4,662 7,799 6,758 6,888 9,973 8,178 13,668 
Grand total 9,282 19,536 13,240 7,299 18,562 12,361 20,120 34,866 24,226 18,359 34,510 38,205 
Peale a 
ery products over the previous 5 years, Topean country to receive allocations of = § 40 ALLOCATIONS [] 
U.S. exports of edible fishery products to _ fish in the United States 200-mile zone in IMPORTS 
Spain have declined since 1983, when ¢XChange for a promise to facilitate the ‘ 
2,204 t of U.S. fishery products valued at importation of seafood from the United 
$4.5 million were purchased by Spanish States; this “fish and chips” agreement 
importers. These products consisted of WS negotiated in 1980. Several United Y 30 
frozen squid (1,934 t valued at $3.6 mil- States seafood sales missions and a § n 
lion) During 1983, the Government of United States Seafood Exhibition at the ¢ 
Spain restricted imports of Loligo patag- ALIMENTARIA Food Show held in or * 
onia squid to compensate for the glut of | Barcelona were used to increase United [7 
inexpensive squid entering Spain from States visibility on the Spanish market. = 20} 
East European countries, especially However, despite the existence of the © 
Poland. U.S. exports of squid, however, “fish and chips” agreement and alloca- 4 
were not affected by the import restric- tions to Spanish vessels, Spanish imports 2 
tion and U.S. squid exporters selling in Of United States fishery products de- 
Spain enjoyed a banner year. Other U.S. creased (Fig. 3). or 
products traditionally exported to Spain S. Seaf 
have included frozen salmon, other ne vin rane Sissi 
frozen fish (mackerel and herring), and po P 
cured fish (salted cod). Since 1980, United States imports of 0 


The inability of U.S. seafood ex- 
porters to successfully penetrate the 
Spanish seafood market is curious. The 
United States has allowed Spanish ves- 
sels to fish in United States waters since 
the 1960s. Spain was one of the first na- 
tions to request a Governing International 
Fishery Agreement (GIFA) with the 
United States to allow Spanish vessels 
continued fishing inside the United States 
200-mile limit, which was extended in 
1976. In addition, Spain was the first Eu- 
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edible fishery products from Spain have 
fluctuated, due primarily to the varying 
amounts of tuna purchased by United 
States importers from year to year 
(Table 5). A record amount of Spanish 
seafood, 19,500 t valued at $35 million, 
was imported by the United States in 
1981. Commodities making up the 
largest portion of that amount were fresh 
or frozen tuna and frozen “other” shell- 
fish, reportedly squid. Imports during 
1983, however, fell to 7,300 t, valued at 
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Figure 3.—Spanish imports from 
the United States, vs. allocations in 
U.S. waters, by quantity, 1978-85. 


$18 million, primarily because tuna im- 
ports fell sharply that year, while “other” 
shellfish imports remained relatively 
constant. U.S. import data for 1985 indi- 


Marine Fisheries Review 














dc eae ures 


cate that the United States purchased 
12,400 t of Spain’s edible fishery prod- 
ucts, valued at $38 million. During 1985, 
imports of Spanish products represented 
about 1 percent of United States world- 
wide fishery imports. 


Fish 


Finfish generally make up about two- 
thirds of the U.S. imports from Spain. 
The most important single species is 
tuna, but in 1985, the United States 
began to purchase significant amounts of 
swordfish for the first time. 


Tuna: U.S. imports of fresh or frozen 
tuna from Spain since 1980 have been 
erratic at best, with a high recorded dur- 
ing 1981 of 15,900 t, valued at $19 mil- 
lion, and a low of 2,800 t, valued at $2.7 
million imported during 1983. The ma- 
jority of those imports consisted of skip- 
jack tuna. Small amounts of albacore, 
yellowfin tuna, and other tunas made up 
the majority of Spanish tuna exports to 
the United States in 1980, 1982, 1984, 
and 1985. 


Swordfish: U.S. imports of Spanish- 
landed swordfish have increased dramati- 
cally in the past 2 years. The United 
States imported no swordfish from Spain 
until 1983, when 15 t, valued at $0.3 
million was reported. During 1985, how- 
ever, the U.S. importers bought 1,300 t 
of swordfish worth $7 million, or 9 times 
as much as they purchased in 1983. Dur- 
ing the first 6 months of 1986, almost 
1,000 t of swordfish worth $6 million 
was purchased by U.S. seafood im- 
porters. 


Others: The “other” fish category in- 
cludes negligible amounts of mackerel 
and cod, in various forms. “Other” fish 
imports have been traditionally negligi- 
ble, averaging only about 1000 t annually 
since 1980. Imports. during 1985, how- 
ever, reached a high of 368 t, valued at 
$1 million. Canned fish imports from 
Spain since 1980 have consisted primar- 
ily of anchovies, followed by sardines, 
mackerel, and bonito, averaging about 
1,500 t yearly, with imports during 1985 
reaching a record 2,100 t valued at $8 
million. Anchovies, 1,300 t worth nearly 
$7 million, represented more than 50 per- 
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cent of U.S. canned fish imports from 
Spain in 1985. Cured fish imports from 
Spain have usually included small 
amount of pickled or salted fish. 


Shellfish 


Shrimp: U.S. imports of Spanish-har- 
vested shrimp have decreased since 1980 
when U.S. importers purchased 248 t of 
fresh or frozen shrimp valued at $2 mil- 
lion. Import data indicate the United 
States imported 175 t worth almost $2 
million in 1985. U.S. shrimp imports 
from Spain have averaged about 150 t 
yearly. 


Others: U.S. imports of “other” shell- 
fish from Spain have steadily increased 
during the past 5 years. “Other” imports 
during 1980 totaled 1,700 t worth $5 mil- 
lion, while 1985 figures reveal that 4,400 
t valued at $11 million were purchased by 
importers. Although, U.S. import statis- 
tics do not break down “other” shellfish 
imports by speices, the NMFS Foreign 
Fisheries Analysis Branch believes that 
the majority of this “other” category con- 
sists primarily of squid and other 
cephalopods. Small amounts of fresh, 
frozen, or canned clams, lobsters, and 
scallops are also included in this cate- 
gory. 

U.S. Seafood 
Exports to Spain 


The United States exports fewer edible 
fishery products to Spain than to any 
major country in Western Europe, even 
to countries with much smaller fishery 
markets (Table 2). Although total 
Spanish imports have increased over the 
past 5 years, the U.S. share of those im- 
ports has steadily declined. During 1985, 
U.S. edible fishery exports to Spain, 295 
t, represented less than 0.1 percent of 
Spain’s total seafood imports. 


Export Decline 


The sustained strength of the U.S. dol- 
lar in the past 5 years could explain the 
decline in United States exports to Spain. 
The increasing value of the Spanish pe- 
seta to the dollar in recent months may 
contribute to an increase in Spanish im- 
ports of U.S. fishery products. The Octo- 
ber 1986 dollar value of the peseta was 
P132. 


The decrease in U.S. fishery exports to 
Spain can aiso be attributed to increased 
competition from growing intra-Europe 
trade, and now, in particular, intra~-EC 
trade. Spanish membership in the EC will 
certainly put the United States at a further 
disadvantage in marketing products in 
Spain. Although the strict import restric- 
tions that have prevented U.S. exporters 
easy access to the Spanish market will 
slowly be dismantled,“ U.S. seafood 
products will remain at a disadvantage 
vis-a-vis products from other Member 
States and countries with which the EC 
has preferential trade agreements. The 
exact impact of EC accession on exports 
from the United States will vary with the 
products concerned and cannot be 
presently ascertained. 

Despite this lack of U.S. presence in 
the Spanish seafood market, a recent sur- 
vey conducted by the U.S. Embassy in 
Madrid among Spanish seafood im- 
porters indicates that 75 percent had an 
interest in importing U.S. fishery prod- 
ucts. The importers mentioned squid, 
hake, cod, shrimp, monkfish, sole, and 
live lobster among the U.S. products that 
they felt had good market potential in 
Spain. 


Species 


Significant U.S. seafood exports to 
Spain have been limited to frozen squid 
and frozen salmon. 


Squid: The most important U.S. fish- 
ery commodity exported to Spain be- 
tween 1980 and 1985 was frozen squid. 
These exports have accounted for ap- 
proximately 50 percent of both the quan- 
tity and value of total U.S. fishery ex- 
ports to Spain during the past 5 years, 
although shipments have fluctuated 
sharply. Exports fell sharply in 1981, 
1984, and 1985. Exports of squid to 
Spain, 160 t worth $0.2 million, repre- 
sented 55 percent by quantity and 34 per- 
cent by value, of all U.S. fishery exports 
to Spain in 1985. Although squid makes 
up more than half of all U.S. fishery ex- 
ports to Spain, this amount is negligible 
when compared with Spain’s iotal squid 
imports. During the first 6 months of 
1986, U.S. squid exports to Spain 
reached 512 t valued at $1 million. 
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Salmon: Exports of fresh or frozen 
Pacific salmon have increased steadily 
since 1980 and reached a high of 150 t 
valued at $0.5 million in 1984. U.S. 
salmon exports declined to 109 t, valued 
at $0.4 million, or a 30 percent decrease 
in salmon sales to Spanish importers dur- 


ing 1985. Preliminary trade statistics for 
the first half of 1986 indicated that 50 t, 
valued at $0.2 million had been exported 
to Spain. 


Others: U.S. exports of “other” fish, 
primarily fresh or frozen cod and herring, 





to Spain have been decreasing steadily 
since 1980, when nearly 800 t, valued at 
almost $2 million was purchased. 
“Other” fish exports to Spain, by 1985, 
had dropped to 30 t worth some $50,000. 
(Source: IFR-86/57.) 





Marine Fisheries in Bahrain 


Introduction 


Bahrain, one of the Arab Gulf coun- 
tries, is situated about 24 km off the east 
coast of Saudi Arabia (Fig. 1). The state 
is composed of 33 islands with a total 
area of 691 square km, and has a popula- 
tion of 350,798 (1981 census), of whom 
about two-thirds are nationals; the rest 
are expatriates, mainly from Asia, the 
Middle East, and Europe, respectively 
(Anonymous, 1986). 

Preceding the advent of the oil industry 
in the 1930’s, fishing, boat building, 
pearl diving, and farming were the tradi- 
tional Bahraini occupations. At that time, 
Bahrain was self-sufficient in the produc- 
tion of fish and vegetables, the principal 
dietary foods. With the development of 
the oil industry, agriculture and fisheries 
have declined, and the country became 
more dependent on imported foods. The 
national censuses of 1959, 1965, and 
1971 showed that over these periods 
there was a decrease of 1.2 percent per 
annum in farmers and fishermen (Mu- 
saiger, 1982). 

Shifting from traditional occupations 
to more highly paid jobs in the oil indus- 
try and other businesses, rapid urbaniza- 
tion, and population growth all con- 
tributed to the decline of Bahrain’s 
fisheries. Oil revenue had a limiting ef- 
fect on the development of agriculture in 
general and food production in particu- 


Abdulrahman O. Musaiger is Head, Nutrition 
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lar. This is because the ratio of invest- 
ment in agriculture to the total planned 
investment was very low (El-Sherbini, 
1980). Indeed, the contribution of agri- 
culture to gross domestic production in 
Bahrain does not exceed 1 percent (Mu- 
saiger, In press). 

Since the end of the 1970’s, serious 


efforts have been focused on develop- 
ment of the fishery sector, resulting a no- 
ticeable improvement. Actually, the 
Bahrain islands are rich in fishery re- 
sources with many potentially productive 
sites on the inhabited coasts. However, 
the efforts to develop fisheries are facing 
many difficulties. This paper briefly 
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Figure 1.—Bahrain and vicinity. 


Marine Fisheries Review 


























highlights Bahrain’s fisheries and gives 
some possible measures to develop them. 


Fish Landings 


From 1979 to 1984, total fish landings 
increased 80 percent, from 3,901 t to 
5,599 t. The two main sectors, artisanal 
and the industrial fisheries, contributed 
76 and 24 percent, respectively. During 
that period, the industrial sector did not 
have significant growth (Table 1); its 
total catch was 1,305 t in 1979, which 
slowly rose to 1,357 t in 1984. The arti- 
sanal sector, using traditional fishing 
methods, was the principal supplier of 
fish in Bahrain, and thus more attention 
should be given its development. 

Rabbitfish, shrimps, perches, group- 
ers, and trevallies constituted the main 
landings in Bahrain (67 percent of total 
landings). Crustacean fisheries depend 


Table 1.—The contributions of imports and the arti- 
sanal and industrial fisheries to the total fish consumed 
in Bahrain during 1979-84 in metric tons (t). 





Artisanal industrial § imports Total 





Year t % t % t % t % 





2496 
2877 
3599 
2750 
3303 
4242 


927 
1090 
1803 
1932 
3081 
3021 


4728 
6205 
7550 
7526 
7893 
8620 


100.0 
100.0 
100.0 
100.0 
100.0 
100.0 





Table 2.—Total landings in Bahrain by fish spe- 
cles for the period 1979-84 in metric tons (t). 

















1979 1984 
Fish group t % t % 
Finfishas 
Rabbitfishes 451 11.9 1,105 19.7 
Perches 688 18.1 656 11.7 
509 13.4 642 11.5 
Trevallies 321 8.5 522 9.3 
Mackerels 85 2.2 221 4.0 
Parrot fishes 91 2.4 152 2.7 
Sea breams 53 1.4 137 2.4 
Grunts 80 21 104 1.9 
Silver biddies 6 0.2 94 1.7 
Snappers 247 6.5 88 1.6 
Others 1,051 275 842 15.0 
Crustaceans 
Shrimps 182 48 808 14.4 
Crabs 23 0.6 162 29 
Shovel lobsters 2 0.1 16 0.3 
Molluscs 
Sepia, clamars 10 0.3 50 0.9 
Total 3,801 100.0 5,599 100.0 
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largely on shrimps and constituted 80 
percent of that category’s total. Rabbit- 
fish is the most popular finfish in 
Bahrain, and is the most heavily har- 
vested. The contribution of rabbitfish to 
the total landings of finfish increased 
from 11.9 percent in 1979 to 19.7 percent 
in 1984. Groupers came in second, al- 
though their contribution to the total 
landings decreased from 13.4 to 11.5 
percent during the years 1979 and 1984, 
respectively (Table 2). In general, the 
finfish catch increased 55.5 percent, and 
the crustacean catch by 230 percent while 
the mollusk catch rose 464.3 percent dur- 
ing 1979-84. 


Landing Facilities 


About 51 fishing sites are distributed 
around the islands of Bahrain. Unfortu- 
nately, many of these sites have no land- 
ing facilities (Table 3). The majority of 
these sites lack facilities for providing 
ice, fresh water, fuel, and mooring piers. 
Beach landing and marketing facilities 
were available in 86.3 percent of the fish- 
ing sites. The facilities available for arti- 


Table 3.—Landing facilities in ail fishing sites 














in Bahrain (1983). 
Availabilit 
Yes No 
Facilities No. % No. % 
Mooring pier 5 9.8 46 90.2 
Beach 44 86.3 7 13.7 
Fuel 2 3.9 49 96.1 
Fresh water 2 3.9 49 96.1 
Ice 1 2.0 50 98.0 
Marketing 44 86.3 ? 13.7 





Note: Fishing site is an area used by fishermen either as 
residence or for boat mooring or landing of his catch. 


sanal fisheries were poor compared with 
those available for industrial fisheries 
(Anonymous, 1985a). 


Labor Force 


The number of fishermen has in- 
creased from 4,101 to 4,554 during 
1978-83, an 11 percent increase, and 
mostly among Bahraini fishermen, 
whose numbers rose 13 percent. In con- 
trast, the number of non-Bahraini fisher- 
men decreased 13 percent. There was a 
16 percent decline among full-time 
Bahraini fishermen, and more part-time 
and occasional fishermen have become 
involved (Table 4). This implies that 
some full-time fishermen have shifted to 
better paying jobs in other sectors, indi- 
cating an unhealthy situation, as these 
fishermen are the most skilled workers. 

Handling and Processing 

Bahraini fishermen operate wooden 
and steel vessels, and fish with traps, 
trawls, and headlines. The fish catch is 
iced for rapid cooling and held in insu- 
lated boxes. Cole et al. (1977) noted that 
in Bahrain, fish were bulked too deep (to 
at least 8 feet), which damaged the fish, 
especially those in the middle and at the 
bottom of the pile, thus affecting their 
shelf-life and quality. Cole et al. (1977) 
recommended the use of pound boards to 
separate the catch into layers of not more 
than 2 feet or storing the iced catch in 
plastic boxes to facilitate the fish han- 
dling, especially from the vessel to shore. 

Much ice is lost through melting while 
fish is being transported in open vehicles. 
Fish transported in open vehicles also 
suffer spoilage and a reduction in shelf- 


Table 4.—Types of fishermen in Bahrain according to their fishing involvement 
during the 1978 and 1963 censuses. 











Full-time! Part-time? Occasional? Total 

Nationality Year No. % No. % No. % No. % 
Bahraini 1978 2212 592 1331 356 195 5.2 3,738 100.0 
° 1983 1822 43.0 1,489 35.1 929 219 4,240 100.0 
Non-Bahraini 1978 321 88.4 32 88 10 2.8 363 «100.0 
1983 304 «(968 10 3.2 314 100.0 
Totals 1978 2533 618 1363 332 205 5.0 4,101 100.0 
1983 2126 467 1499 33.0 929 204 4554 100.0 





10ne who spends >90 percent of his working hours in fishing. 
2One who spends 30-90 percent of his working hours in fishing. 
30ne who spends <30 percent of his working hours in fishing. 
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life due to exposure to direct sunlight! . 
Fish and other marine products are dis- 
played with or without ice in palm-leaf 
baskets or mats on the ground or on con- 
crete displays, depending upon market 
facilities. In some big cities, fish market- 
ing facilities are available, including 
proper display shops, cold storage, and 
running water. Cleaning, filleting, and/or 
eviscerating of fish are also provided to 
the consumers. In many other markets, 
particularly in rural areas, such handling 
and processing facilities are lacking. 

Most fish are sold fresh, and some are 
dried or salted. Shrimps are commonly 
dried, especially at peak seasons. How- 
ever, as a result of changes in dietary 
habits, salted fish have become less pop- 
ular in recent years. Compared with other 
processed fish, canned fish are highly 
consumed, and the most popular are 
tuna, mackerel, and sardine. All canned 
fish are imported, since there is no fish 
canning industry in Bahrain. Frozen fish 
and shrimps are available in supermar- 
kets, and are widely consumed by non- 
Bahrainis. 

Marketing and Distribution 


Bahrain has various fish marketing 
methods. In large towns with a central 
fish market, storage and fresh-water fa- 
cilities are available, and the possibility 
of fish spoilage is relatively low. In some 
villages which lack such facilities, mar- 
keting is done in an open area and the fish 
are not protected from heat or direct sun- 
light. Many purchasers, therefore, prefer 
to buy fish early in the morning or in the 
afternoon, soon after the catch is landed. 

In other villages, especially those far 
from the sea, small vehicles drive from 
house to house to sell the fish, which are 
mixed with ice and covered by wet 
cloths. These fish may also be exposed to 
contamination and spoilage, since the ve- 
hicles have no proper storage facilities. 
Local consumers prefer small and 
medium-sized fish such as rabbitfish and 
trevallies. Large fish (i.e., groupers) are 
usually bought by hotels and restaurants. 

Fish prices depend mainly on the har- 


TMatch. 1982. Country export marketing pro- 
files: Gulf states. Natl. Ocean. Atmospher. 
Admin., Wash., D.C., p. 1-11. 


' 98 


vesting seasons. For example the peak 
season for Spanish mackerel is during the 
winter months, November-February. 
Shrimps and rabbitfish landings peak in 
summer, while groupers are landed 
throughout the year. 


Fish Imports and Exports 


Fish imports soared during 1979-84, 
increasing from 927 t to 3,021 t, respec- 
tively. The greatest increase was in fresh, 
chilled, and frozen fish, which rose 446 
percent during the period. Canned fish 
imports showed the next largest increase, 
with a rise of 108.7 percent during the 
same period (Anonymous, 1985b). In 
1984, the contribution of imported fish to 
the total fish consumption in Bahrain was 
35 percent, which indicates that Bahrain 
still lacks self-sufficiency in fish produc- 
tion. A well-designed program, there- 
fore, is needed to encourage the two sec- 
tors of Bahrain’s fishery, especially the 
artisanal sector which contributes nearly 
half of the nation’s total catch (Table 1). 

Bahrain has not exported any fish or 
fish products since 1983. Some fish were 
exported before then, and the amount 
fluctuated from year to year. In 1979, 
Bahrain reportedly exported 1,366 t of 
fish, mostly frozen shrimps'. Domestic 
data (Anonymous, 1985a) indicated that 
the amount of fish exported in 1979 was 
15.3 t or about 1.2 percent of local fish 
landed that same year. The amount then 
increased sharply to 179.2 t in 1980 and 
to 218.9 t in 1981, representing 8.0 and 
10.2 percent of total fish landed, respec- 
tively. The 1982 exports dropped dra- 
matically to only 21.2 t which repre- 
sented 1.1 percent of the total fish 
landed. Most of fish exported were those 
which not accepted in local markets ex- 
cept by certain expatriates. 


Fish Consumption 


Annual per capita fish consumption in 
Bahrain rose from 14.3 kg in 1979 to 
21.5 kg in 1984 (Anonymous, 1985b). 
The 1984 figures are less than that 
reported by the Central Statistics Organi- 
zation (1985), as the annual per capita 
consumption of fish was 34.3 kg for 
1983-84, and the consumption was 
higher among Bahraini (35.8 kg) than 
non-Bahraini (27.5 kg). This may be due 





to the fact that fishing is a hobby for 
many people in Bahrain, especially 
among Bahraini, and therefore many 
families consumed more fish that were 
caught by their members. 

Expenditures on fish has also de- 
creased during the past 10 years. The 
household expenditure on fish during 
1973-74 was 13.2 percent of the total 
food expenditure. This expenditure 
dropped to 10.2 percent during 1983-84, 
which was largely due to an increase in 
the prices of fish and changes in dietary 
habits as more meat and poultry were 
consumed, in lieu of fish. 

Table 5 shows the annual per capita 
consumption of various types of fish in 
Bahrain according to nationality. The 
Bahraini preferred to consume rabbitfish, 
groupers, and perches more than non- 
Bahraini. Annual per capita consumption 
was 8.4, 7.7, and 5.6 kg, respectively, 
for the Bahraini, compared with 1.9, 4.9, 
and 2.1 kg for non-Bahraini. 


Composition of 
Fish Consumed 


Little data have been collected on the 
nutritional values of the fish commonly 
consumed in Bahrain and other Gulf 
states. In a Kuwaiti study, Kamel and 
Allam (1979) examined the nutritional 
values of some fishes consumed also by 
Bahrainis. Generally, these fish are rich 
in protein, which ranged from 19.0 to 
21.1 g/100g of edible portion. Dried 
shrimp is very high in protein (76.4 per- 
cent), due to its low moisture content 
(8.1 percent). Some fish are rich in fat, 
such as groupers (35.7 percent) and mul- 
lets (12.1 percent). Iron is very high in 


Table 5.—Per capita annual fish consumption in 
Bahrain 











(1983-84). 
Consumption (kg) 
Type of fish Bahraini Non-Bahraini Total 
Rabbitfishes 8.4 19 7.2 
Groupers 7.7 49 7.2 
Mackerels 2.5 1.6 23 
Trevallies 1.7 15 1.7 
Perches 5.6 21 5.0 
Other fresh fish 43 7.6 49 
Fresh shrimps 45 47 46 
Frozen, salted fish 0.3 21 0.6 
Frozen, dried shrimp 0.6 0.6 0.6 
Other sea products 0.2 0.5 0.2 
Total 35.8 27.5 34.3 
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dried shrimp (62 mg/100g), as well as 
phosphorus (969 mg/100g). Thus, dried 
shrimps are very nutritious, but one limi- 
tation is their high sodium content. 


Constraints on Fishery 
Development 


Several factors influence the develop- 
ment of the Bahrain fishery: 


1) Lack of fishing and harbor facili- 
ties, particularly ice plants, cold storage, 
and fuel and marketing facilities. 

2) Insufficient investment capital di- 
rected to the fishing industry, with most 
available investment capital directed to 
poultry, milk, and other food industries. 

3) Insufficient research directed to the 
development of the Bahrain fishery. 

4) Inadequate fishery regulation and 
legislation (i.e., fishing methods, han- 
dling, processing, and marketing regula- 
tions. Although Bahrain is applying 
FAO/WHO Codes Alimentarus Stand- 
ards, the need for local standards is em- 
phasized. 

5) Shift of fishermen from the fishing 
industry to better paying jobs in other in- 
dustries. This leads to a gradual reduction 
of the labor force, and particularly, in 
full-time fishermen. 

6) Dredging and land reclamation ac- 
tivities which, along the Bahrain coasts, 
affects the inshore ecosystem including 
many corals. The total area dredged in 
1982 was about 13,500,000 m?, while 
that reclaimed was 9,000,000 m? (Al- 
Alawi, 1982). 

7) Lack of modern fishing techniques; 
this activity is still dependent on artisanal 
sectors which used traditional fish cap- 
ture methods. 

8) Shortage of qualified manpower in 
various aspects of fishery science. Saleh 
(1986) explained that the lack of quali- 
fied persons in the fishing industry may 
be due to socioeconomic factors, as fish- 
ing became less attractive to the new gen- 
eration, and hence fewer people were in- 
volved in this sector. 

9) Regional and government restric- 
tions. The FAO (1978) reported that 
grounds fished by Bahrainis are also 
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fished by fleets from neighboring coun- 
tries, so domestic catches are influenced 
by the activities of the other fleets. Also, 
fishing is prohibited in some areas owing 
to local industrial and defense institutions 
(Saleh, 1986). 

10) Pollution of the sea either by 
spilled oil, industrial waste, or untreated 
sewage. 

11) Increase in prices of fishing gear 
and other related equipment. 


Conclusions 


Although Bahrain has increased fish 
production, the rise in population and the 
high demand for fish (especially fresh 
fish) has made it difficult to rely on local 
fish. As a result, fish imports have in- 
creased annually. Additionally, there are 
many barriers to developing the marine 
fisheries in the country. To develop 
Bahraini fishery resources, the following 
measures should be considered: 


‘ 1) Providing basic facilities for land- 
ing, handling, processing, and marketing 
of fish in Bahrain. 

2) introducing modern techniques, 
and improving traditional fishing meth- 
ods 


3) Stimulating local fishermen to be 
more involved in fisheries by improving 
access to credit and gear technology. 

4) Establishing local regulations and 
legislation for fisheries in Bahrain. This 
could be done through assistance from 
other related international organizations. 

5) Controlling dredging and reclama- 
tion activities through regulations, and 
carrying out geological and bioecological 
surveys in areas where dredging or recla- 
mation is planned (Al-Alawi, 1982). 

6) Training in different aspects of 
fishery science. 

7) Encouraging fisheries research and 
studies, and providing adequate facilities 
(especially laboratory equipment) to 
carry them out. 

8) Financially subsidizing fishing 
gear and other fishing equipment to en- 
courage fishermen to enroll in fisheries. 


It is important to note that some of 


these recommendations were considered 
in the 5-year plan for the development of 
the fishing sector in Bahrain; however, 
serious efforts should be put to applying 
these recommendations. 

Recently, the Government of Bahrain, 
the United Nations Development Pro- 
gramme (UNDP), and the Food and 
Agriculture Organization of the United 
Nations have signed an agreement to es- 
tablish a regional fish marketing service 
for the Arab World, “INFOSAMAK”. 
The main objectives of this project are to 
provide information and technical assis- 
tance to the fishery industry, to assist in 
opening up new markets for fish and fish 
products, to assist exporters of fish prod- 
ucts, to generate new investment infor- 
mation in the Arab fishing industry, and 
to establish a basis for cooperation 
among the Arab countries in fisheries 
matters. This project may also help in 
developing fishery resources in Bahrain 
and other Arab countries. 
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Publications 
New NMFS Scientific 
Reports Published 


The publications listed below may be 
obtained from either the Superintendent 
of Documents, U.S. Government Print- 
ing Office, Washington, DC 20402; from 
the Publications Services Branch (E/ 
AI13), National Environmental Satellite, 
Data, and Information Service, NOAA, 
U.S. Department of Commerce, 3300 
Whitehaven St., Washington, DC 20235; 
or from the National Technical Informa- 
tion Service, Springfield, VA 22151. 
Writing to the agency prior to ordering is 
advisable to determine availability and 
price, where appropriate (prices may 
change and prepayment is required). 

NOAA Technical Report NMFS 42. 
Appolonio, Spencer, David K. Steven- 
son, and Earl E. Dunton, Jr. “Effects of 
temperature on the biology of the 
northern shrimp, Pandalus borealis , in 
the Gulf of Maine.” September 1986, 
ili + 22 p., 25 figs., 7 tables. 


ABSTRACT 


Length-frequency data collected from in- 
shore and offshore locations in the Gulf of 
Maine in 1966-1968 indicated that oviger- 
ous female northern shrimp (Pandalus bo- 
realis) first appeared offshore in August 
and September and migrated inshore in the 
fall and winter. Once eggs hatched, surviv- 
ing females returned offshore. Juveniles 
and males migrated offshore during their 
first two years of life. Sex transition occur- 
red in both inshore and offshore waters, but 
most males changed sex offshore during 
their third and fourth years. Most shrimp 
changed sex and matured as females for the 
first time in their fourth year. Smaller fe- 
males and females exposed to colder bot- 
tom temperatures spawned first. The inci- 
dence of egg parasitism peaked in January 
and was higher for shrimp exposed to 
warmer bottom temperatures. Accelerated 
growth at higher temperatures appeared to 
result in earlier or more rapid sex transi- 
tion. Males and non-ovigerous females 
were observed to make diurnal vertical mi- 
grations, but were not found in near-surface 
waters where the temperature exceeded 
6°C. Ovigerous females fed more heavily 
on benthic molluscs in inshore waters in the 
winter, presumably because the egg masses 
they were carrying prevented them from 
migrating vertically at night. 

Northern shrimp were more abundant in 
the southwestern region of the Gulf of 
Maine where bottom temperatures remain 
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low throughout the year. Bottom trawl 
catch rates were highest in Jeffreys Basin 
where bottom te: were lower 
than at any other sampling location. Catch 
rates throughout the study area were in- 
versely related to bottom temperature and 
reached a maximum at 3°C. 

An increase of 40% in fecundity between 
1973 and 1979 was associated with a de- 
cline of 2-3°C in April-July offshore bot- 
tom temperatures. Furthermore, a decrease 
in mean fecundity per 25 mm female be- 
tween 1965 and 1970 was linearly related 
to reduced landings between 1969 and 
1974. It is hypothesized that temperature- 
induced changes in fecundity and, possi- 
bly, in the extent of egg mortality due to 
parasitism, may provide a mechanism 
which could partially account for changes 
in the size of the Gulf of Maine northern 
shrimp population during the last thirty 
years. 


NOAA Technical Report NMFS 43. 
Uchida, Richard N., Sigeiti Hayasi, and 
George W. Boehlert (editors). “Envi- 
ronment and resources of seamounts 
in the North Pacific.” September 1986, 
v + 105 p. 


SUMMARY 


Presented are 20 papers and session sum- 
maries that constitute the ings of a 
workshop held 21-23 March, 1984 in 
Shimizu, Japan, and cosponsored by the 
Far Seas Fisheries Research Laboratory, 
Shimizu; the Honolulu Laboratory, NMFS 
Southwest Fisheries Center, Honolulu, 
Hawaii; and the Japanese Society of Fish- 
eries Oceanography, Tokyo. Reviewed are 
seamount area oceanography and fisheries, 
population characteristics and biology of 
pertinent species, stock assessment of 
pelagic armorhead and alfonsin, and gaps 
in knowledge about seamounts and future 
research directions. 


NOAA Technical Report NMFS 44. 
Darcy, George H. “Synopsis of biologi- 
cal data on the porgies, Calamus arc- 
tifrons and C. proridens (Pisces: Spari- 
dae). September 1986, iii + 19 p., 26 
figs., 8 tables. 


ABSTRACT 


Information on the biology and fishery 
resources of two common species of west- 
em Atlantic porgies, Calamus arctifrons 
and C. proridens , is compiled, reviewed, 


and analyzed in the FAO species synopsis 
Style. 


NOAA Technical Report NMFS 45. 
Chen, Lo-chai. “Meristic variation in 
Sebastes (Scorpaenidae), with an anal- 
ysis of character association and bilat- 
eral pattern and their significance in 
species separation.” September 1986, 
ii + 17 p., 16 tables. 


ABSTRACT 


This report presents meristic data for 
nearly all of the known species of Sebastes . 
Rudimentary caudal ray counts tend to be 
higher in more active species. The number 
of caudal rays supported by the hypurals is 
consistently 14, whereas the number of 
branched caudal rays varies between 11 and 
13. Vertebral counts and most fin-ray 
counts tend to be lower in species or popu- 
lations in warmer latitudes, except for pec- 
toral ray counts which tend to have an op- 
posite geographic pattern. On the basis of 
the small magnitude of meristic and mor- 
phometric differences and the lack of other 
differences between northern and southern 
samples of “Sebastes caurinus ,” Sebas- 
tichthys vexillaris Jordan and Gilbert is re- 
garded as a junior synonym of Sebastes 
caurinus Richardson. The patterns of bilat- 
eral variation in paired meristics are ana- 
lyzed and their mechanism discussed. The 
frequency distribution of pectoral ray 
counts in their right-left combination is 
shown to be useful in species separation. 
No association was found between any 
combination of two meristic features in any 
species. The author proposes that intrasam- 
ple associations between meristic features 
are evidence of sampling heterogeneity. 


NOAA Technical Report NMFS 46. 
Brodeur, Richard D., and William G. 
Pearcy. “Distribution and _ relative 
abundance of pelagic nonsalmonid 
nekton off Oregon and Washington, 
1979-84.” December 1986, iii + 85 p., 
60 figs., 6 tables, 7 app. tables. 


ABSTRACT 


Fifteen fine-mesh (32-mm mesh) pelagic 
seine surveys were conducted be- 
tween 1979 and 1984 off the Oregon and 
Washington coasts. Environmental condi- 
tions varied greatly among the years sam- 
pled, and even within years, due to vari- 
ability in upwelling conditions and 
productivity and the effects of a strong El 
Nijfio from late 1982 to the middle of 1984. 
In the 843 sets made, a total of 115,891 
specimens from 69 taxa was collected. 
Most individuals collected belonged to nine 
dominant taxa. Seasonal and interannual 
variations in the abundance and distribution 
patterns of these dominant taxa are pre- 
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sented in detail. A recurrent group analysis 
delineated four major groupings of nekton. 


Genetics and 
Fishery Management 


“Population, Genetics, and Fishery 
Management, edited by Nils Ryman and 
Fred Utter, has been published by the 
Washington Sea Grant Program and is 
distributed by the University of Washing- 
ton Press, P.O. Box 50096, Seattle, WA 
98195-5096. Ryman is with Stockholm 
University Genetics Department and 
Utter is with the NMFS Northwest and 
Alaska Fisheries Center, Seattle, Wash. 

There has not been substantial interac- 
tion between the fields of population ge- 
netics and fisheries management, the edi- 
tors lament, and this book is aimed at 
addressing that void. And, they point out 
in the Preface, “it has become apparent 
that fisheries may diminish if the tools 
and theory of population genetics are not 
properly applied to the management of 
these resources.” That is one reason that 
the volume is an important contribution. 
It began as a series of lectures specifi- 
cally on population genetics in relation to 
fisheries management. Those lectures, 
then, have been augmented with addi- 
tional contributions from other experts in 
the field. 

In this book, the editors and authors 
have applied the principles of population 
genetics to fishery management, exclud- 
ing only the culture of fishes under con- 
trolled conditions throughout their entire 
life cycle—i.e., cage, pen, or pond-type 
culture. Few fisheries texts make much 
more than passing reference to the sci- 
ence of genetics, making this volume is 
even more useful. 

In chapter 1, Fred Allendorf, Ryman, 
and Utter provide an overview of genet- 
ics and fishery management, calling at- 
tention to the need for applying the prin- 
ciples of population genetics to the 
management of natural fish populations 
and stocks, and providing a look at future 
directions for genetics in fishery manage- 
ment. In chapter 2, “Interpreting genetic 
variation detected by electro-phoresis,” 
Utter, Paul Aebersold, and Gary Winans 
review the collection and interpretation 
of genotypic data using electrophoretic 
procedures. 

In chapter 3, G. A. E. Gall introduces 
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the basic theory of “Inbreeding” and the 
Closely related concept of random genetic 
drift (though it is not a review of the con- 
sequences of inbreeding). Ranajit 
Chakraborty and Olof Leimar, in chapter 
4, present some of the basic elements of 
population genetics as applied to subdi- 
vided populations, emphasizing methods 
and results important for the analysis and 
interpretation of allele frequency data. 
Then, in chapter 5, Gunnar Stahl pro- 
vides an overview of the genetic popula- 
tion structure of the Atlantic salmon, 
Salmo salar, over the species’ entire 
range by examining genetic differences 
among natural populations and hatchery 
stocks from the various geographic re- 
gions. 

Allendorf and Ryman then discuss ge- 
netic management of hatchery stocks in 
chapter 6 while in chapter 7 Donald E. 
Campton reviews pertinent literature on 
the application of population genetics to 
investigations of hybridization problems 
in fisheries management, and discusses 
the use of morphological characters for 
detecting natural hybridization. Then, 
Masatoshi Nei examines in chapter 8, ge- 
netic distance and molecular phylogeny, 
while W. Steward Grant covers genetic 
divergence between congeneric Atlantic 
and Pacific Ocean fishes in chapter 9. 

In chapter 10, Jerome J. Pella and 
George B. Milner relate the use of allelic 
variants as genetic marks, with particular 
emphasis on estimating the contribution 
of different stocks to mixed-stock fish- 
eries, while in chapter 11, Stephen D. 
Ferris and William J. Berg address the 
utility of mitochondrial DNA in fish ge- 
netics and fishery management. That is 
followed by a presentation of inter- and 
intraspecific variability patterns observed 
in salmonids (chapter 12). Chapter 13 re- 
views methods for induction of poly- 
ploidy and gynogenesis, and describes 
the most likely management roles of 
chromosome markers and manipulations 
in fishes. 

The book then ends with two chapters 
related to the understanding, use, and 
conservation of genetic resources. The 
unique local adaptation of natural popu- 
lations is discussed in chapter 14 and is 
suggested as a basis for modifying cur- 
rent management activities. Chapter 15 
considers the effects of fishing and hatch- 
ery practices on the gene pools of ex- 


ploited species, pointing out problems in- 
herent in current harvesting policies and 
suggesting corrective courses of action. 

The 24 contributors are principally ge- 
neticists, and although some of the con- 
tributions are quite technical, especially 
to those not schooled in the rudiments of 
genetics, it should still be of considerable 
use, as both a text and a reference and 
perhaps will help encourage the applica- 
tion of the principles of population genet- 
ics to fisheries management. Paper- 
bound, the 420-page volume is available 
from the UW Press for $17.50 (paper- 
bound) or $35.00 clothbound. 


Biology and Management 
of Snappers and Groupers 


In May 1985 the Honolulu Laboratory 
of the NMFS Southwest Fisheries Center 
sponsored a workshop on thediology and 
management of regional snapper and 
grouper stocks. Now, the proceedings 
have been published as “Tropical Snap- 
pers and Groupers: Biology and Fish- 
eries Management,” edited by Jeffrey J. 
Polovina and Stephen Ralston of that 
Laboratory, by the Westview Press, 5500 
Central Avenue, Boulder, CO 80301. 

In sum, the book presents an excellent 
international perspective on those fishes, 
with the first half devoted to their taxon- 
omy, reproductive biology, early life his- 
tory, growth, mortality, and community- 
trophic interactions. Additional chapters 
examine the assessment and management 
of fisheries for snappers and groupers in 
Australia, Hawaii, and the Marianas, the 
southeastern United States, and the Gulf 
of Mexico and the Caribbean. Discussed 
are historical trends within the fisheries, 
methods of harvest are described, and an- 
alytical methods to provide estimates of 
population and yield parameters are eval- 
uated and applied. A final chapter by 
John L. Munro draws together and sum- 
marizes the workshop presentations and 
suggests future research needs. 

More specifically, in the first part, 
“Biological Reviews,” William Ander- 
son outlines the systematics of the Lut- 
janidae while Gerald Allen presents a 
synopsis of the circumtropical genus Lut- 
janus. John Randall gives a preliminary 
synopsis of the groupers of the Indo- 
Pacific region. Then, Jeffrey Leis re- 
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views the early life history of tropical 
groupers and snappers, Churchill Grimes 
reviews the reproductive biology of the 
Lutjanidae, and Douglas Shapiro dis- 
cusses grouper reproduction. Charles 
Manooch III reviews age and growth of 
snappers and groupers, Stephen Ralston 
examines mortality rates of both groups, 
and James Parrish details their trophic bi- 
ology. 

Snappers and groupers are large apex 
predators which are important fishery re- 
sources in many tropical and subtropical 
waters. This collection of reviews and 
data on these fishes, which are important 
commercially and recreationally, should 
be a reference of wide interest and use to 
many fisheries biologists and managers. 
The 659-page paperbound volume, part 
of Westview Press’ Ocean Resources and 
Marine Policy Series, is available from 
the publisher for $43.50. 


The Aging and 
Growth of Fish 


“Age and Growth of Fish,” has been 
published by the Iowa State University 
Press, Ames, IA 50011. Managing editor 
for the volume was Robert C. Summer- 
felt and technical editor was Gordon E. 
Hall. Presented are 37 of 73 oral and 
poster papers from the International 
Symposium on Age and Growth of Fish 
held in Des Moines, Iowa, 9-12 June 
1985. The symposium served a dual pur- 
pose—as a forum for those studying the 
age and growth of fish and to honor the 
professional life of Kenneth D. Carlander 
upon his retirement from the faculty of 
Iowa State University. Also included are 
three additional papers to add depth to the 
coverage. “Techniques for the estimation 
of RNA, DNA, and protein in fish” by 
Lawrence J. Buckley and Frank J. 
Bulow, and “Uptake of 'C-glycine by 
fish scales (in vitro) as an index of current 
growth rate” by Greg P. Busacker and Ira 
R. Adelman were added to provide basic 
biochemical methodology for the study 
of current growth rate; “Methodological 
approaches to the examination of otoliths 
in aging studies” by E. B. Brothers was 
included to provide insight for the study 
of otoliths from the author’s experience. 
A glossary, developed by a “Glossary 
Committee” chaired by C. A. Wilson, 
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will allow a better understanding of basic 
terminology and help to standardize 
them. 

Research on the aging of fish has made 
great strides in the last couple of decades, 
as evidenced by this symposium and vol- 
ume. The book’s subject matter is taxo- 
nomically diverse, including clams and 
lobsters, sharks, and bony fishes in fresh- 
water and marine habitats ranging from 
tropical and temperate areas, to mountain 
streams and man-made lakes. The topics 
ranged from study of length-frequency 
distributions, enumeration of marks on 
hard parts—including scales, otoliths, 
bones, and spines—validation methods, 
biochemical procedures for study of 
short-term growth, and mathematical- 
statistical considerations for back- 
calculating and describing fish growth. 

The contributions are arranged in 
seven parts: Part I, History, problems, 
and current status; Part II, Characteriza- 
tion of growth; Part III, Variability, 
error, and bias; Part IV, Validation; Part 
V, Methods; Part VI, Larval and juvenile 
fish aging and studies; Part VII, Applied 
studies. 

Some topics of interest include Carlan- 
der’s history of scale age and growth 
studies of North American freshwater 
fish, and “Current trends in age determi- 
nation methodology” by Richard J. 
Beamish and Gordon A. McFarlane. 
Frank Bulow presents a review of RNA- 
DNA ratios as indicators of growth in 
fish while Ira. R. Adelman reviews 
“Uptake of radioactive amino acids as in- 
dices of current growth rate of fish.” 
Other articles address linear models for 
the growth of fish, estimating and inter- 
preting annual growth rates, reliability of 
age and growth-rate estimates derived 
from otolith analysis, lack of first-year 
annuli in scales of western trout validat- 
ing daily increment deposition in otoliths 
of larval fish, use of tagging programs to 
validate scale readings, validation of dor- 
sal spine method of aging spiny dogfish, 
use of microcomputers in age and growth 
studies, age determination of ocean 
bivalves, and much more. This is a large 
and impressive volume which presents 
much important and recent research on 
the topic, as well as several substantive 
reviews, and it is an excellent representa- 
tion of contemporary research. It also in- 
cludes an extensive and useful bibliogra- 





phy and subject and taxonomic indexes. 
The 544-page hardbound volume is 
available from the publisher for $34.95. 


Studies on Fish Behavior 


and Fisheries Management 

The Journal of Fish Biology has pub- 
lished for the Fisheries Society of the 
British Isles the FSBI Symposium enti- 
tled “The Behaviour of Fishes,” edited 
by T. J. Pitcher, A. E. Magurran, and 
A. R. Margetts. Pitcher and Magurran 
are with the School of Animal Biology, 
Univeristy of Wales, and Margetts, JFB 
editor, is with the Fisheries Laboratory, 
Lowestoft, Suffolk, England. 

Papers accepted for this issue of the 
Journal center on themes of reproductive 
behavior (i.e., mate selection), schooling 
behavior and fish movement, foraging 
behavior (i.e., constraints on optimality), 
aggression, development, and behavioral 
physiology. Keynote papers published 
here include G. P. Baerends on causation 
and function of the prespawning behavior 
of cichlids; G. W. Barlow on mate choice 
in the monogamous and polychromatic 
Midas cichlid, Cichlasoma citrinellum; 
and M. Milinski’s review of competitive 
resource sharing under constraints in 
sticklebacks. 

Additional papers of interest include 
those on tilting behavior of the Atlantic 
mackerel, Scomber scombrus, at low 
swimming speeds by P. He and C. S. 
Wardle; heart rate as an indicator of ac- 
tivity, metabolic rate, food intake, and 
digestion in pike, Esox lucius , by J. D. 
armstrong; behavior of the abyssal 
grendier, Coryphaenoides yaquinae, 
monitored using ingestible acoustic 
transmitters in the Pacific Ocean by I. G. 
Priede and K. L. Smith, Jr.; migrational 
swimming speeds of the American shad, 
Alosa sapidissima, in the Connecticut 
River by H. M. Katz; development of 
feeding behavior in larval lumpfish, Cy- 
clopterus lumpus , by J. A. Brown; de- 
velopment of schooling behavior in the 
European minnow, Phoxinus phoxinus , 
by A. E. Magurran; a light intensity 
threshold for schooling in the Atlantic 
mackerel, S. scombrus , by C. W. Glass 
et al.; predation and minnow schooling at 
twilight by T. J. Pitcher and J. R. Turner; 
visual cues determining prey selection by 
the turbot, Scophthalmus maximus, by 
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R. A. Holmes and R. N. Gibson; optimal 
foraging behavior in the rainbow trout, 
Salmo gairdneri, by M. Bres; and a test 
of a size-selective predation model with 
juvenile brook charr, Salvelinus fonti- 
nalis, by J. W. A. Grant and D. L. G. 
Noakes. Other papers discuss mate 
choice in various cichlids, causes and 
function of prespawning cichlid behav- 
ior, influence of species composition on 
behavior in mixed-species cyprinid 
schools, and size sorting in minnow 
schools. 

The 232-page paperbound symposium 
was published as Supplement A to Vol- 
ume 29 of the JFB; a separate index to 
the issue is provided and it is sold by 
Academic Press Inc. (London) Limited, 
High Street, Foots Cray, Sidcup, Kent 
DA14 SHP England (individual copy 
price not listed), and should be of interest 
to those studying or researching aspects 
of the behavior of fishes. 

Another FSBI symposium also pub- 
lished by the Journal of Fish Biology is 
“The Scientific Basis of Inland Fish- 
eries Management,” convened by R. 
Williams and edited by Williams, A. R. 
Margetts, and J. M. Elliott. Williams is 
with the Department of Applied Biology, 
University of Wales Institute of Science 
and Technology, Cardiff; Margetts is 
JFB editor; and Elliott is with the Fresh- 
water Biological Association, Winder- 
mere Laboratory, Ambleside, England. 
Symposium topics included salmonids 
and the factors influencing their manage- 
ment; environmental impacts of fish 
farming and of pesticide discharges; 
sampling methods and water quality 
standards for nonsalmonids; fluctuations 
in year-class strength and management 
strategies for selected fisheries; and the 
use of models and environmental indices 
in fisheries management. The papers 
concern both fisheries for gamefish alone 
and for species sought by both commer- 
cial and sport fishermen. 

Topics of interest include some funda- 
mental research problems in the manage- 
ment of Atlantic salmon, Salmo salar , in 
Canada by E. M. P. Chadwick; factors 
governing the production of juvenile At- 
lantic salmon in Scottish streams by H. J. 
Egglishaw and P. E. Shackley; popula- 
tion dynamics of the migratory brown 
trout, Salmo trutta , in an English stream 
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and their implications for fisheries man- 
agement by J. M. Elliott; salmon stock 
and recruitment, and stock enhancement 
by D. J. Solomon; brown trout growth 
and survival factors in different types of 
streams by M. Zalewski et al.; habitat 
evaluation as a fisheries management 
tool by N. J. Milner et al.; and the envi- 
ronmental impact of salmonid cage cul- 
ture on inland fisheries by M. J. Phillips 
et al. 

Other papers discussed possibilities of 
improving catchable fish stocks in lakes 
undergoing eutrophication, an evaluation 
of pulse fishing for the walleye, Stizoste- 
dion vitreum vitreum, in Henderson 
Lake, Ontario, a pike culling strategy for 
trout management in the River Avon, en- 
vironmentally induced fluctuations in 
year-class strength and their implications 
for fishery management, survey methods 
and various sampling strategies for fish 
population assessment; cost effective 
sampling of fish populations in large 
water bodies; and the assessement of 
flow characteristics at certain weirs in re- 
lation to the upstream movement of mi- 
gratory salmonids. 

The volume provides an interesting 
and useful variety of papers on some of 
the biotic, chemical, and physical factors 
that impinge on the management of in- 
land fisheries and anadromous fishes. 
The 300-page paperbound issue—Sup- 
plement A to Volume 27 of the JFB —is 
available from the publisher (single copy 
price not given). 


Marine Photochemistry, 
Pollution Study Progress 


“Sources and Fates of Aquatic Pol- 
lutants,” edited by Ronald A. Hites and 
S. J. Eisenreich, has been published by 
the American Chemical Society, 1155 
Sixteenth Street, N.W., Washington, DC 
20036 as No. 216 in its Advances in 
Chemistry Series. The volume was de- 
veloped from a symposium sponsored by 
the ACS Division of Environmental 
Chemistry. 

Only in the past decade, the editors 
point out, have the processes controlling 
the transport and fate of inorganic and 
organic species in limnic and marine en- 
vironments been delineated, and the 
processes are studied with a holistic ap- 


proach to aquatic pollutant chemistry, in 
which the atmosphere, water, and sedi- 
ment are considered interdependent com- 
partments of an ecosystem. This volume, 
in 16 chapters, presents this holistic ap- 
proach and describes the relationship be- 
tween physical mixing rates and chemi- 
cal reaction rates in four sections: 
Air-water processes, water column proc- 
esses, water-sediment processes, and 
case studies. The first three sections em- 
phasize the chemical and physical proc- 
esses controlling solute behavior and fate 
in air and water, while the case studies 
integrate information on those processes 
into a systemwide picture of the cycling 
of inorganic and organic chemicals. 
Specific topics include environmental 
modeling of hydrophobic organic com- 
pounds, air-sea transfer of trace ele- 
ments, vapor-particle partitioning of 
semi-volatile organic compounds, and 
metal speciation in natural waters. Other 
topics include mechanisms controlling 
the distribution of trace elements in 
oceans and lakes, the role of particulate 
matter in the movement of contaminants, 
PCB’s in Lake Superior, element cycling 
in wetlands, and much more. The volume 
will be a very useful reference for ad- 
vanced students and marine and atmos- 
pheric scientists who deal with these 
problems. Hardbound, the 558-page vol- 
ume is available from the ACS Distribu- 
tion Office at $99.95 (U.S. and Canada) 
and $119.95 elsewhere. 

Also published by the ACS as ACS 
Symposium Series 327 is “Photo- 
chemistry of Environmental Aquatic 
Systems,” edited by Rod G. Zika and 
William J. Cooper. The book was devel- 
oped from a symposium sponsored by the 
ACS Divisions of Geochemistry and En- 
vironmental Chemistry. The field of 
aquatic photochemistry encompasses a 
wide diversity of areas with environmen- 
tal science. However, the study of photo- 
chemistry in aqueous solution, and in 
particular its application to environmen- 
tal processes, is relatively new. Natural 
waters receiving solar radiation are active 
photochemical reactors, while naturally 
occurring humic substances are relatively 
efficient initiators of photochemical reac- 
tions. This 20-chapter volume, the first to 
deal specifically with marine and fresh- 
water photochemistry, is therefore a 
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valuable source of information for scien- 
tists and students in the field. 

Following an introductory overview, 
the remaining chapters are presented in 
five sections: Transformation of xenobi- 
otic compounds, inorganic photooxi- 
dants, photosensitization in natural 
waters, heterogeneous reactions, and 
modeling and actinometry. Some of the 
topics covered in individual chapters in- 
clude photolysis of phenol and 
chlorophenols in estuarine waters, the 
mechanism of photolytic ozonation, 
time-resolved fluorescence measure- 
ments on dissolved marine organic mat- 
ter, catalyzed photodegradation of two 
herbicides, and photochemical modeling 
as applied to natural waters. Others in- 
clude photochemistry of copper com- 
plexes in sea water, consequences of OH 
radical reaction in sea water, natural pho- 
tosensitizers in sea water (riboflavin and 
its breakdown products), and more. The 
288-page hardbound volume is available 
from the ACS for $54.95 (U.S. and 
Canada) and $65.95 elsewhere, and the 
volume should be of interest to environ- 
mental and marine chemists and biolo- 
gists. 


A GUIDE TO 
THE PERCHES 


Publication of “The Biology of Perch 
and Related Fish” by J. F. Craig has 
been announced by Timber Press, 9999 
S.W. Wilshire, Portland, OR 97225. The 
author is a research scientist with the 
Freshwater Institute, Department of Fish- 
eries and Oceans, Winnipeg, Canada. 

Certain members of the perch family 
are economically important, both as food 
and sport fishes, and have been exten- 
sively studied. These include the perch 
and zander of Eurasia and the yellow 
perch and walleye of North America. 
Other common members of the family 
include the ruffe, sauger, and several 
species of the three genera of darters. In 
this book, the author reviews and sum- 
marizes important aspects of the biology 
of the perches and highlights areas need- 
ing future research. Following an in- 
troductory chapter on percid taxonomy, 
the bulk of the book is then devoted to the 
biology of the species Perca and Stizoste- 
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dion. 

Obviously an immense volume could 
be devoted to such a topic; however, this 
smaller volume presents a well-rounded 
introduction to and reference on the 
perches and their biology. The author 
covers in some detail perch anatomy and 
morphology, growth, mortality and 
longevity, and reproduction and develop- 
ment. Other topics covered include food, 
feeding, and energetics; physiological 
processes and movements; parasites and 
diseases; adaptation, evolution, and ge- 
netics; population dynamics and commu- 
nity structure; and the fisheries and eco- 
nomic importance of various species 
along with their exploitation, culture, 
and vulnerability to pollution and other 
environmental perturbations. The final 
part of the book is devoted to very brief 
synopses of the biology of other percids 
(Gymnocephalus and Percarina ) and the 
Etheostomatini and the Romanichthyini. 
Well illustrated, the bock also includes a 
bibliography and author index as well as 
a subject index, and is a fine, succinct 
reference to an important family of 
fishes. The small format 333-page hard- 
bound volume is available from the pub- 
lisher for $42.50 plus $3.00 shipping and 
handling. 


The New England Fishing 
industry and How It Works 


“The New England Fishing Econ- 
omy” by Peter B. Doeringer, Philip I. 
Moss, and David G. Terkla, has been 
published by the University of Massa- 
chusetts Press, P.O. Box 429, Amherst, 
MA 01004. It is subtitled “Jobs, Income, 
and Kinship” and is a thorough look at 
the structure and workforce of that re- 
gion’s fishing industry and how it has 
adapted to various changes. Of interest to 
many readers will be the contrast re- 
vealed between capitalist, collective bar- 
gaining, and kinship practices governing 
jobs and income in the industry, which is 
then related to fisheries regulation. The 
authors are members of the Department 
of Economics and are associated with the 
Institute for Employment Policy at 
Boston University. 

The volume is the result of team re- 
search begun in late spring 1982 to deter- 





mine how a shift in the U.S.-Canadian 
fishing boundary would affect socioeco- 
nomic conditions in New England. Much 
of the literature on fisheries policy and 
regulation, say the authors, assumes that 
the movement of resources in and out of 
the fishing industry is relatively easy; 
however, they believe that their book 
shows that the assumption of such flexi- 
bility is incorrect. Downward adjustment 
in the work force is difficult, they report, 
at least for the core of the New England 
fishing industry, due in part to labor mar- 
ket conditions in fishing ports, but 
mainly to social and institutional mecha- 
nisms that tie resources to the industry. 
The result, they say, is that resources 
often remain idle during bad times rather 
than being reemployed outside the indus- 
try 


Case study analysis concentrated on 
the ports of Gloucester and New Bed- 
ford, Mass. The book is presented in two 
parts, and Part I develops background 
materials on the New England fishing in- 
dustry, its work force, and the local port 
economies, including an overview of the 
changes in the fishing industry in New 
England since 1960, the economic trends 
and economic and institutional setting of 
fishing and fish processing in Gloucester 
and New Bedford, and an examination of 
the social and cultural dimensions of the 
labor force in fishing and processing in 
the two ports. 

Part 2 addresses the dynamics of ad- 
justment to economic change—examin- 
ing adjustments in employment and in- 
come within the fishing industry in 
response to economic change, describing 
institutional rules governing employment 
and pay in different parts of the fishing 
industry, and demonstrating how these 
rules operate to determine the incidence. 
of change within the industry. Explored 
is the question of employment flows be- 
tween fishing and the rest of the econ- 
omy, the extent of skill transferability, 
the comparability of earnings, and the in- 
come and employment alternatives for 
displaced fishermen and processing 
workers. A final chapter presents the 
conclusions and develops a series of rec- 
ommendations for fisheries management 
policies. The 147-page hardbound vol- 
ume is available from the publisher for 
$22.50. 
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The Ecology of 
Tropical Fishes 


“Ecological Studies in Tropical Fish 
Communities,” by R. H. Lowe- 
McConnell, has been published in the 
Cambridge Tropical Biology Series by 
the Cambridge University Press, 32 East 
57th Street, New York, NY 10022 in 
both paper and hardbound editions. 
Many tropical fish communities are of 
considerable scientific interest as they 
provide an excellent outdoor laboratory 
for studying evolutionary processes, as 
well as providing a wealth of information 
for those studying theoretical aspects of 
community ecology. Likewise, reef 
fishes also provide excellent data for as- 
sessing the costs and benefits of different 
types of social and reproductive behav- 
ior. In this new volume, the author com- 
pares information on the ecology of 
fishes from tropical fresh waters and seas 
to examine general principles and to 
identify gaps in knowledge. Some of the 
material has been treated in the author’s 
two earlier books (“Fish Communities in 
Tropical Freshwater” and “Ecology of 
Fishes in Tropical Waters”). This new 
volume, though, is an updating of his 
earlier ones, and a reinterpretation of por- 
tions of it in light of more recent studies. 

The book has 14 chapters arranged into 
four parts—an introductory section, 
freshwater studies, marine studies, and 
four syntheses: Responses of fishes to 
conditions in tropical waters, trophic in- 
terrelationships, the maintenance and 
evolution of diversity, and, finally, a 
look at the exploitation and conservation 
of tropical fish stocks. 

Following an overview of the ecology 
of tropical freshwater and marine envi- 
ronments and their associated fish fau- 
nas, the author relates a number of fresh- 
water studies drawn from the African, 
South American, Asian, and New 
Guinean tropics. Special consideration is 
given to the new man-made lakes which 
have provided large-scale experiments on 
the change of riverine fish communities 
to lacustrine ones, and to the great lakes 
of East Africa for examples of recent spe- 
cies evolution. 

The marine section describes direct 
observations of coral reef fishes and dis- 
cusses how the great diversity of reef 
communities is maintained. It also exam- 


ines data from trawl surveys and from 
pelagic fisheries, especially for sardines 
in coastal upwellings and tuna from open 
seas. 

In the synthesis section, the responses 
of fish to the varied conditions in tropical 
waters are discussed, including the effect 
of seasonality upon life history strate- 
gies, and how these enable so many spe- 
cies of fish to coexist. The final chapter 
deals with man’s utilization of tropical 
fish, and-their production and conserva- 
tion. 

The volume concludes with an ap- 
pendix of fish families in tropical waters, 
and an extensive list of references. With 
its broad and comprehensive coverage, 
the volume should become a well-used 
reference on the ecology of tropical fish 
communities and be a good source of ma- 
terial on tropical fisheries biology, ecol- 
ogy, and behavior. Indexed, the 382- 
page volume is available from the 
publisher for $64.50 (cloth) and $22.50 
(paper). 


Seal Controversies 
in Atlantic Canada 


Such marine mammals as seals are 
seen by some as a harvestable food or fur 
resource, a competitor for fish, and by 
others as creatures needing love and full 
protection for various ethical or moral 
reasons. Many of those views, and the 
holders of them, are discussed in the 
book “Seal Wars! An American View- 
point,” by Janice Scott Henke, published 
by Breakwater Books, Ltd., 277 Duck- 
worth Street, P.O. Box 2188, St. John’s, 
Newfoundland, Can., AlC 6E6. The 
New York author is a cultural anthropol- 
ogist and cultural resources consultant 
who also is a licensed New York State 
wildlife rehabilitator. 

In one sense, the book is a fundamen- 
tal look at the Canadian sealing industry 
from the days when east coast sealing 
was considered “the greatest hunt in the 
world” to the present when it has been 
virtually halted by animal-rights groups. 
It is the culmination of 4 years of research 
by the author on seal ecology, seal har- 
vests, the sealers, and the anti-seal-hunt 
protection groups. The subject, she can- 
didly admits, is one “on which no feel- 


ing, compassionate human can remain 
entirely neutral. 

The book is sympathetic toward those 
people who have been most affected by 
the seal-hunt protests—the Inuit of 
Greenland and Canada and the New- 
foundlanders and other Maritimers who 
have hunted seals on a subsistence basis 
for hundreds of years. And in reviewing 
the rise of the various anti-seal-hunt 
groups, it is critical of the emotionalism 
and, especially, of the effect of the hunt- 
ing protests have had on the Native cul- 
tures. Thus, the book casts unique light 
on a highly controversial issue. In a 
postscript to the book, the author states 
her belief that there was no justification 
for abolition of Canada’s harp seal hunts, 
and that descriptions of the seal hunts on 
seal herds were incorrect, as were claims 
of cruelty to the seals. At any rate, she 
has provided another look at the prob- 
lems involved in trying to manage a natu- 
ral resource on the basis of differing 
views of “morality,” and for that reason it 
makes for some interesting and instruc- 
tive reading. The 215-page paperbound 
volume is available from the publisher 
and costs $9.95. 


Another Look at 
the LOS Treaty 


“The 1982 Law of the Sea Treaty,” 
published by Washington Sea Grant 
Communications, University of Wash- 
ington, HG-30, 3716 Brooklyn Avenue, 
N.E., Seattle, WA 98105, is subtitled 
“One observer’s assessment of the con- 
ference, the treaty and beyond.” Pre- 
sented by law professor Thomas A. Clin- 
gan, Jr., it is the 12th in the series of 
McKernan Lectures established by the 
UW. Here, the author provides a rather 
personal account and interpretation of the 
conduct and outcome of the LOS treaty 
and its effectiveness, and he attempts to 
answer the question: “Is the LOS Treaty 
a success or a failure?” He also specu- 
lates on the future of the LOS Treaty in 
the context of several possible scenarios 
and cautions against nations adopting 
short-term, bilateral solutions to prob- 
lems that might “undermine the interna- 
tional public order.” The paperbound 19- 
page treatise, WSG 86-1, is sold by the 
publisher for $3.00. : 
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